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PREFACE. 



Benjamin Pike, Jr., in presenting to his friends 
and the public the following Catalogue of Instruments, 
desires to say, that he has been induced to undertake 
the collection of materials for sUch a volume, from the 
&ct that no work corresponding to it is to be found, 
and the information which it is intended to impart, can 
only be gathered from a great variety of sources, many 
of which are works not published in this country. 
The rapid strides with which the sciences are advanc- 
ing, and the feu^t that the arts and manufactures are 
calling in the aid of some of these instruments to 
fecilitate their processes, while others may be employed 
in every day use, renders such a volume as this alto* 
gether appropriate and usefril, if, indeed, it be not abso- 
lutely indispensable. 

He wishes it borne in mind, that he is not a man 
of letters^ but a mechanic, — a practical workman : this 
will aedomit for whatever imperfections may be found 
in style, arrangement, &c. 

The instruments illustrated in our modem works on 
natural philosophy are too frequently represented by 
old and obsolete cuts, mere copies, book after book, for 
many years back, fiimishing but little idea of more 
modem articles. 

In presenting this volume, the first design has been 
to illustrate by good drawings, and brief descriptions, 
aiticles manufactured in his establishment, or ipdported 
1* 
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by him, in order that those desirous of obtaining appa- 
ratus, and not having an opportunity of personal 
examination, may yet be able to judge of the style, 
quality, and price. The usual brevity of the descrip- 
tions has in a few instances been departed from, where 
the instrument has demanded a more extended notice. 

Particular pains have been taken, and a large ex- 
pense incurred, in the illustraticm^ (numbering over 750) 
of this Caudogue ; they are mostly original, and drawa 
from the most modem and approved instruments. 

These articles embrace every variety kept in an 
extensive Optical and Philosophical Instrument Store ; 
and include almost every instrument used in natural 
and experimental philosophy. 

The author having devoted himself from early youth 
to the manufacture of these instiruments on a some- 
what extensive scale, is satisfied that his collecti<m of 
instruments is not surpassed, if equalled, by any in the 
country, for extent, style, quality, or cheapness; he 
therefore soUcits with confidence a continuance of that 
encouragement which he has in past years received, 
and which he is determined to merit. 

Professors of the sciences will find in his establish- 
ment, a frill assortment of instruments suitable for 
iUustration and practical purposes. To his stock have 
been recently added many large and valuable instru- 
ments, and it will be his endeavor to continue to keep 
pace with the growing demand for good instruments 
among the scientific community. 

Parents and guardians of youth, who feel desirou» 
of promoting a taste for Chemistry and Natural Phi- 
iDsqpihy in the minds of the young, from seeing what 
rapid advances these sciences are making, and how 
neceflsaiy their acquaintance to aU, will find nothing 
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promote their wishes, nor their children's enjojrment, 
more than procuring for them an assortment of appa* 
ratus, whereby they may be able to follow up practi- 
cally those experiments of which they have read in 
text books of science, or have seen in lectures. The 
moderate prices of some of these articles are enumera- 
ted at the end of this volume. 

In the construction of a}^ratus, it will be the 
maker's aim to use the various pieces of apparatus to 
the best advantage, by adapting them to the perform- 
ance of as great a variety of purposes and experiments 
as is possible. 

-The writer might enumerate to his patrons a num- 
ber of diplomas and silver medals received for his 
Air-Pumps, Gralvanic Batteries, Magnetic Machines, 
Barometers, Theodolites, Magic-Lanterns, Slidera, &c., 
at various Fairs of different Institutes ; and also the 
commendatory letters of distinguished Professors in 
various Colleges and Universities, who are using in- 
struments of his manufacture ; but having been long 
established in this business, he trusts that the charac- 
ter of his instruments is understood^ without further 
reference. 

He would beg leave to notice his improved Magnetic 
Machines for medical purposes; and though, unlike 
many that have followed in his wake, he has not 
trumpeted abroad the various cures the instrument has 
accomplished, yet the remarkable cures it has and still 
is effecting, are beyond question, although he has de- 
clined to publish cases, from the fact that the most 
remarkable are among some of the very first families 
of this city, and ekewhere, to whom it would not be 
agreeable to have an account of their infirmities seen 
in print Let it suffice to say, that this instrument arose 
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to its high reputation, by no efforts of his own to give 
it publicity, but solely by the cures it accomplished, 
and which are now very generally known. 

As every maker of these instruments claims to make 
the best, and the last usually makes the loudest claim, 
he would simply state that his instrument has been, 
without solicitation, purchased and used by every Hos* 
pital and Medical Institution in this city and vicinity, 
and by almost every Physician, as well as by over one 
thousand of our own citizens, and also by distinguished 
persons in various parts of this country and in foreign 
lands. 

His stock of Telescopes and Microscopes will be 
found very extensive, and tc^ether with Optical Lenses 
and Sliders for the Magic Lantern, form the principal 
articles that are imported; and for obtaining these 
from London and Paris direct, and at low rates, he is 
possessed of unusual facilities. 

As the Microscope is capable of affording a vast field 
for amusement and instruction, opening a new world 
and displayuig the most extensive scenes of creative 
power, wisdom, and design ; and it being difficult to 
find in print any information concerning it, a minute 
description of one of the kinds is given, which will be 
found applicable to all the others; also particular 
directions for procuring and applying some of the most 
interesting subjects for examination. 

In regard to Spectacles, Eye-Glasses, and Lenses for 
optical purposes of every description, his assortment is 
most extensive and complete. To this branch of his 
business he devotes special attention, furnishing Glasses 
or Pebbles that are truly ground, and properly adapted 
to the sight ; feeling that so important a matter as 
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vision should receive more attention than is usually 
given. 

He also begs leave to infoim his patrons and the 
public, that he has recently much enlarged his estab- 
lishment, increased his stock of instruments, and added 
to his machinery, tools, and fixtures; and as these 
instruments are mostly manufactured on his own 
premises, he is enabled to improve and simplify their 
construction, and personally attend to the finishing, 
proving, and packing of the same. With very few ex- 
ceptions, they are kept ready made, and orders will be 
executed without delay. 



CATALOGUE, &c. 



A CASE OF MATHEMATICAL INSTRUMENTS. 

A Pocket Case of Mathematical Instruments (see Fig. 1» 
next page) usually contains the following, viz. : 

1 Pair of 5-mch plain compasses, 

2 Pair of 6 -inch drawing compasses, with one leg or point 

movable, • 

3 Pencil point, 

4 Ink point, 

5 One for dotting, 

6 Draining pen, with a protracting pin in the handle, 

7 Protractor in the form of a semicirole, 

8 Plain scale, 

9 Parallel rule, 

10 Sometimes a sector, 

1 1 Also sometimes a bow pen, 

12 Pencil. 

Price 93.60; $5.00; |8.5b. 



A Magazine Case of Instruments (see Fig. 2, page 14), 
of fine quality, contains — 

1 Pair of 6-inch drawing compasses, with a niovable leg, 

2 Ink point, 

3 Pencil point, 

3 Lengthening piece, 

4 Pair of 5 -inch hair compasses, 

5 Drawing pen, with ivory handle, 

6 Bow pen, 

7 Bow pencil, 

8 Knife, file, key, and screw-driver, for the compastes, in 

one piece, 
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Drawing pencil, 

10 Ivory sector, 

1 1 Ivory parallel rule, 

12 Ivory protractor and plane scale combined. 



The most extensive sets contain, in addition — 

13 Pair of proportional compasses, 

14 Pair of triangular compasses, 

1 5 Pair of bisecting compasses, 

16 Pair of fine steel bow dividers, 

17 Fine steel bow pen, 

18 Fine steel bow pencil, 

19 Small fine drawmg pen, 

20 Double drawing pen, 

21 Fine dotting instrument with set of movable rollers, 

22 Needle holder. 

Price, mounted in German silver, 120.00. 
" larger sets, $35.00 to |;80.00. 
'* plam brass sets, $3.25 ; 
« " " $3.75; 

$4.50; 

$5.00; 

$9.00. 
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COMPASSES. 



Compasses are made of brass, or fine German silver, and 
with steel points. In good instruments the joints should 
be framed of different substances ; one side or part should be; 
of German silver or brass, and the other of steel, as the 
difference in the metals diminishes the wear and promotes 
uniformity in their motion ; all shake and irregularity at the 
joint is a sign of imperfection. The points should be of 
steel, BO tempered as neither to be easUy bent nor broken ; 
fine and tapering, and meeting closely when shut. 

Plain compasses are used to measure small distances, and 
for subdividing them ; drawing circles, arches, or for con- 
structing any proposed figure ; in plotting, or making plans. 
The use of the compasses occurs in every branch of prac- 
tical mathematics. 

The Drawing Compass, — (Fig. 3, page 17.) — These com- 
passes are chiefly designed for drawing circles and circular 
arches ; and it is often necessary they should be drawn with 
different materials, and therefore this pair of compasses has, 
in one of its legs, a triangular socket and screw, to receive 
and fasten the following parts or points for that purpose, \\z, : 

1. A steel pomt, which, being fixed in the socket, makes 
the compasses then but a plain pair for drawing blank circles, 
settiag off lines, <&c. 

2. A pencil point (Fig. 4, page lY), for receiving a pencil 
or crayon, in using which the Imes can be easily rubbed out 
if not right. 

8. The dotting points (Fig. 6, page 17), or dotting pen, 
with a small indented wheel at the end, moving very freely, 
and receiving ink from the pen over it, communicates the 
same in equal and regular dots upon the paper, where dotted 
lines are chosen. In the most costly instruments one of the 
blades of this instrument is jointed, and by loosening the 
surew, may be separated from the other, and wheels mark- 
ing different %ures used ; as a dot, a short line, a long line, 
a dot and a Ime, two dots and a line, &c. Also, by taking 
off the wheel it may be used as a pen for drawing very wide 
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ink lines, the pen causing the ink to flow freely in a rerj 
wide line. 

4. The ink point, or pen, (Fig. 6, page 17), for drawing 
and describing lines in mk ; for this purpose the two blades 
or sides of the pen are opened or closed with an adjusting 
screw, that the Ime drawn may be as fine or as coarse as 
you please ; in fine instruments, one of the blades is framed 
with a joint, that the points may be separated, and thus 
cleaned more conveniently. In the pencil point, dotter, and 
pen point, there is a joint by which you can set the lower 
part always perpendicular to the paper, which is necessary 
for drawing a line well in every opemng of the compasses. 

5. Zengthener,-^F\g. Y, page 17.) — One or two additional 
pieces are often appUed to the best compasses ; these by 
lengthening the leg enable them to strike larger circles, or 
measure greater extents than they would otherwise per- 
form, and that without the inconvenience that would attend 
uffln^ long compasses. 

dompcuses of the best kind are frequently framed at the 
end of the shank, so as to form a strong spring, and the 
points and lengthener slide into this socket, and are firmly 
held. The best description are furnished with joints in one 
or both legs^ that they may be placed perpendicular to the 
paper. Price, in German silver, $12 to $18. 

ffair (7ampa««M.— (Fig. 8, page 19.) — ^They are so named^ 
on accoimt of a contrivance in the shank to set them with 
greater accuracy than can be effected by the motion of the 
joint alone. One of the steel points is fastened near the 
top of the compasses, and may be moved very gradually by 
turning the screw either backwards or forwaixis. To use 
these compasses, 1st, place the leg to which the screw k 
annexed, outermost ; 2d, set the fixed leg on that point from 
whence the extent is to be taken ; 3d, open the compasses 
as nearly as possible to the required distance, and then 
make the points accurately coincide therewith, by turning 
the screw. Price, in brass, $2.00 to $3.00. 

" in German silver, $2.00 to $4.00. 

The Drawing Pen, — (Fig. 9, page 19.) — ^This pen is used 
to draw straight lines ; it consists of two blades with steel 
points fixed to a handle. The blades are so bent that the 
ends of the steel points meet, and yet leave a sufficient cavity 
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for the ink ; the blades may be opened more or less by a 
screw, and being properly set, will draw an equal and regu- 
lar line of any desirable thickness. One of the blades is 
formed with a joint, but the points may be separated and 
thus cleaned more conveniently. A small spring is some- 
times inserted between the blades, to act against the mov- 
able blade, and serves to steady it in drawing wide lines ; in 
pens with metal handles there is usually inserted in the 
middle part a fine point, which, when unscrewed, can be used 
for malang a nice dot, or jnark, on paper ; or to set off 
divisions from the protractor. Price, 1 1.25. 

Tke Steel Drawing Pen, — (Fig. 10, page 19.)— Is form- 
ed of two blades of steel joined at the top, both immovable 
except from the spring of the steel, and terminated with 
very fine points. The screw in the middle of the blades 
ynUl draw the points close together, or allow them to sepa- 
rate sufficiently to clean. ■ This pen is inostly used for very 
fine lines, and is mounted with an ivory handle. 

Price, $1.26. 

The Itoad Pen (Fig, 11, page 19), or double drawing 
pen, is formed of two steel pens joined together with a 
handle, and having a screw whereby they can be set nearer 
or wider, at the pleasure of the drawer, and will draw two 
parallel lines in any direction ; is much used in laying down 
roads and canals, in drawings where they are required. 

Price, $3.00 and $3.50. . 

The Dotting Pen. — (Fig. 12, page 19.) — This instrument 
consists of two blades of metal, formed as the drawing pen, 
one of which is jointed, and by loosening the screw may be 
separated from the other at its point ; near the point of the 
fixed blade is fastened a short pin, on which small indented 
steel wheels of different figures can be placed, and allowed 
to revolve freely when passed over paper ; it is fed with ink 
from the blades over it, and communicates the same in equal 
and regular dots, lines, or a combination of dots and Hues, 
according to the figure of the wheels or rollers used. This 
instrument is particularly useful where a number of courses 
are to be laid down on one map or plan, and it is required 
to distinguish each readily. It may also be used without 
the rollers as a drawing pen for drawing very wide mk lines; 
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the width of the point and the pin causing the ink to flow 
freely, in a much wider line than the usnal drawmg pen. 
This is a very beautiful instrument, and when well made 
its use may be of great advantage in many drawings. 

Price, $2.25 to $6,00. 

Needle Holder, — (Fig. 13, page 19.) — Is used for holding 
a needle, or other fine point, in prickmg off spaces from the 
protractor, scales, etc. It consists of an ivory handle, 
terminated with a small round metallio shaft and point, 
perforated with a small hole and slit, on this moves a slide ; 
when the needle is introduced, the slide is drawn down, and 
the needle held firmly for use; the top of the handle is 
made to screw off, having a cavity for holding the needles. 
Price, in German Slver, $1.25. 

(Fig. 14, page 19.) — ^The knife, file, key, and screw- 
driver for the compasses in one piece. Price $1.25. 

Bov> Campasses.-^The cpmrnon compasses are not so well 
adapted for small drawings as this small kind, called 
Bows ; they are used to describe small circles and arches, 
which may be nicely drawn with them, as, from the shape 
of the head, which is a shprt stem or shaft, the instrument 
may be made to roll with great ease between the fingers. 

JSqw Pen, — (Fig. 15, page 21.) — ^The same as the last 
with the ink point or pen, instead of the plain point. 

Price, in brass, $1.00. 

" in Gennan silver, $1.38, 

Saw Peneil, — (Fig. 16, page 21.) — ^The same, with ^e 
pencil point in place of the plain point. 

Price, in brass, $1.00, 

'* in German silver, $1.38. 

£qw Fen, Jointed in the legs. — (Fig. 17, page 21.^ 

Price, in brass, $3.00. 

" in German silver, $3.75. 

Bow Pencil, jointed in the legs, — (Fig. 18, page 21.) 

Price, in brass, $3.00. 

** in German silver, $3,75. 
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Fme French Bow Pen.— (Rg. 1ft, M^e 21.) 

Pnce 91.16 to 3.00. 

Bow Compass, vfiih shifting leg and points, — (Fig. 20, 
page 21.) — The general construction is the same as the 
or£nary compass, with a socket in the leg to insert the ink 
or pencil point at pleasure, as in the large drawillg com- 
IMiBses. Price, $2.50 to 3.50. 

Steel Bow Dividers, — (Fig. 21, page 21.) — ^These are a 
still finer description of instrument, much used hj good 
draughtsmen in forming small centres, repeating mvisions 
of a small but equal extent, etc. Price, $2.00. 

Steel Bow P«».— -(Fig. 22, page .23.) — ^The same as the 
steel bow, with the ink point in place of the plain point. 

Price, $2.25. 

Steel Bow Pencil, — (Fig. 23, page 23.) — ^The same as 
the steel bow, with the pencil point in place of the plain 
point. Price, $2.25. 

The Universal Bow is formed as a bow pencil, and has a 
shaft with one end finely pointed, and on the other a pen 
for ink, either end of this can be inserted in the pencil 
holder, and secured by its spring or screw ; thus combining 
the three in one instrument. Price, $3.00 to 4.00. 

Needle Point Instruments, — (Fig. 24, page 23.) — Com- 
passes and bow instruments are sometimes formed with 
arrangements for usmg needles for their points, and are 
called needle point instruments, and serve very well for 
delicate purposes. We give here a representation of a bow 
instrument with needle pomt, and the iiik and pencil pomts 
to turn on a swivel, either of which can be in a moment 
brought into use ; the bow is also jointed in the legs. It 
is a very desirable and useful instrument. 

Price, $3.50 to 7.00. 

Proportional Compasses (Fig. 25, page 25), consists of 
two parts or sides of brass, which lie upon each other so 
mcely as to appear but one when they are shut. These 
sides easily open, and move about a centre which is itself 
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moyable in a hollow canal cut througli the greater part of 
their length. To this centre, on each side, is affixed a slid- 
ing piece of a small length, with a fine line drawn on it, 
serving as an index, to be set against other lines or divisions 
placed npon the compasses. Thus, by placing the index 
against 1, and screwing it fast, if you open the compasses 
then the Stance between the points at each end ml be 
equal. If you place the index against 2, and open the com- 
passes, the distance between the points of the longer legs 
will be twice the distance between the shorter ones ; and 
thus a line is bisected, or divided, into two equal parts. K 
the index be placed against 3, and the compasses opened, 
the distance between the points will be as 3 to 1, and so a line 

Fig, 24. 



Fig. 70. 



Fig. 23. 
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is diyided into three equal parts ; and thus yon proceed for 
any number of parts under 10 or 12. There are aho aonie- 
times placed on the face, a scale of plans, solids, and cirolaa. 
They are sometimes made with an adjusting screw, or a 
tooth and pinion to move the slide, and which admita of 
great nicety in the adjustment of the index. 

Price, in brass, $4.60 ; with rack and ) *|i iri) 

pinion motion, J * 

" German silver, 17.00 ; " *• $8.50. 

*' with adjusting pomts, $2.00 extra. 

Biteeting Campasies, or whole and halves. — (Fig. 26, 
page 25.)— A name given to these compasses, became, 
when the longer legs are opened to any given line, the 
shorter ones will be opened to the half of that line ; being 
always a bisection. 

Price, in brass, $2.00 to $8.00. 

" in German silver, $3.00. 

Tfianffular Compasses. — (Fig. 27, page 26.)— They c<m- 
sbt of a pair of compasses, to whose head a joint and 
socket is fitted for the reception of a third leg, which may 
be moved m almost every direction. These compasses, 
though exceedingly useful, are but little known ; they are 
very serviceable m copying aH kinds of drawmgs, at item. 
two fixed points they will always ascertain the exact posi- 
tion of a third pomt. 

Price, in German silver, $6.00 and $7.00. 

The Pillar Compasses. — (Fig. 28, page 27.) — ^A universal 
instrument, and is, when opened, about six inches kmg; 
the points are made to turn up so as to occupy but dboufc 
half that space ; withm the two legs are contained the ink 
and pencil pomts, held firmly by a spring joint ; either of 
these can be taken out and the plain points inserted in their 
places. Thus, by shifting them around, making a pah: of 
compasses with plain pomt, ink pmnt, and pencil point. 
Also, the pomts can be used — taken out of the legs of the 
instrument — as bow pen, and bow pencil, there being a 
small head attached to each for that purpose. This instru- 
ment forms in itself a pocket case of instruments. 

Price, in brass, $4.00 to $6.60. 

*' in German silver, $5.00 to $10.00. 
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The Uniffenal Tube Compass, with points to turn, — 
(Fig. 29, page 29.) — ^This instrument consists of two Ger- 
man shrer or brass tubes, connected by a joint as other 
eompassesy having other tubes sliding firmly and evenly 
wiihm them ; at the outer ends of the inner tubes are affixed 
a jomt and pieces, to which are attached the pobts, which 
are fixed in pairs ; the pencil point at one end, and a plain 
point at the other, in one arrangement, and the ink point 
and a plain point in the other arrangement ; each oi which 
is movable in a swivel, and can be turned round so as to 
bring either point into use as may be required. When a 
longer space is wanted than can be conveniently extended 
in &e ordinary state of the instrument, the movable tubes 
can be drawn out, and thus a larger pair of compasses form- 
ed. They also can be used as a beam compass within the 
limits of the slides, having both the points turned parallel 
to each other, and also perpendicular with the paper. 

Price, in German silver, $12.00. 

Beam Compasses (Figs. 30 and 31, page 27) are used 
for describing large arches, and bisecting lines or arches. 
These compasses consist of a long beam, made of brass or 
wood, furnished with two brass boxes, the one fixed at 
the end, the other sliding along the beam, to any part of 
which it may be firmly fixed by a screw. An adjusting 
screw is adapted to the box at the end of the beam ; by 
this the point connected therewith may be moved with 
extreme regularity and exactness. 

Price, $4.00 io 10.00. 

Drawing Pins (Fig. 32, page 29), are used for fastening 
to the drawing board paper, for which purpose one m 
pressed through each comer of the paper into the board, 
firmly securing the paper thereby. 

Pnce, in brass, per dozen, 75ct8. 

** in German silver, do. 88cts. 

Metal Centres, having t^o or more very delicate pins, to 
fasten to the paper used in drawing, where the points of the 
dividers are frequently to be placed on one centre, and 
preventmg the injury to the paper that would arise from 
pladng the points thereon many times. 

Price, 26 to SOcts. 
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The Protractor (Fig. 83, page 80) is an instmment used 
to protract, or lay down an angle contuning any number 
of decrees, or to find how many degrees are contained in 
any given angle. 

The Semicircular Protractor is divided into one hnndred 
and eighty equal parts or degrees, which are numbered at 
every tenth degree each way, for the convenience of 
reckoning either from the right hand towards the left, or 
from the left towards the right ; or the more easily to lay 
down an angle from either end of the line, beginning at 
each end with 10, 20, etc., and proceeding to 180 degrees. 
The straight side is the diameter of the semicircle, and the 
mark or small notch in the middle points out the centre. 
Price, in brass, 4 inch 50ct8. 
" " 5 " 76ct8. 

6 inch, divided to one-half degrees, $1.25. 

1 mch, $1.60. 

Ivory Protractors (Fig. 34, page 31), in the form of a 
parallelogram, or long square, are usually contained in the 
oest cases of mathematical instruments, and are more exact 
than the common semicircular ones for angles to iortv or 
fifty degrees ; because at and about each end the divisums 
being further from the centre are larger ; the side of these 
protractors to be applied to the paper is flat, on which is 
marked the lines of the plane scale, and that whereon the 
degrees are marked is sloped away to the ed^e, that an 
angle may be more easily measured, and the divisions set 
off with greater exactness. Price, $1.50 to $4.00. 

Protractors of Bom are, from their transparency, veiy 
convenient in measuring angles, and ndsing perpendiculan. 
When they are out of use they should be kept in a book to 
prevent their warping. Price, 4 inch, 25cts. 

'• 5 " 60cts. 

6 inch, divided to half degrees, 88cts. 

7 " ** " " $1.26. 

The Plane Scale. — ^Fig. 36, page 33.) — ^The diviaoM 
used for measuring straight lines are called scales of equal 
parts, and are of various lengths, for the convenience of 
delineating any figure of a larger or smaller size, according 
to the fancy or purposes of the draughtsman. They are a 
measure in miniature for laying down upon paper, ^c, 
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Fis- 33. any known measaret as 

rQI!] chains, yards, feet. Sec. ; 
T10..L — j and the plan will be 
larger or smaller as the 
scale contains a smaller 
or greater number of 
parts in the mch. Hence 
a variety of scales are 
useful to lay down lines 
of any required lengrth, 
and of a convenient pro- 
portion with respect to 
the size of the drawing. 
If none of the scales 
happen to suit the pur- 
pose, recourse should 
be had to the sector. 

The plane scale (Fig. 
35),inthe common cases 
of instruments, has the 
following lines of scales 
upon it, viz. 1. A line 
of 6 mches. 2. A line 
of 50 equal parts. S. A 
diagonal scale. 4. A 
line of chords marked 
C. 5. Seven particular 
scales of equal parts^ 
or decimal setdea of dif- 
ferent sizes. The num- 
bers placed at the beginning of each denote how many of 
the small divisions at the beginning are contained in one 
inch, viz. 20, 25, 30, 35, 40, 45, 55. On the lines over the 
spaces containing the decimal divisions, is marked a line of 
twelve parts to the same space, answering for measures re- 
duced from feet and inches. 

The line of chords. — ^This line is used to set off an angle 
from a given point in any right line, or to measure the quan- 
tity of an angle already laid down. Thus, to draw an 
angle of a given mmiber of degrees, say 35, open your 
compasses to the extent of 60 degrees upon the line of 
chords, and with that opening of the compasses describe an 
arch ; then, taking the extent of 36 degrees froi^ the chord 
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line, set it in the arch described, and the angle formed by 
lines drawn through these points is 35 degrees. The de- 
grees contained in an angle to be measured, are found in 
nearly the same manner. 

Price, in ivory, 6 inch, 88cts.; 12 inch, $3.00 to $8.00. 
" in brass, " " $1.60 " " $3.00. 

The Sector, — (Fig. 36, page 35.) — Of all mathematical 
instruments that have been contrived to facDitate the art of 
drawing, there is none so extensive in its use as the sector. 
It is a universal scale. It not only contains the most useful 
lines, but by its nature renders them of general application ; 
uniting, as it were, angles and parallel lines, the rule and 
the compass. The sector is usually six inches long when 
closed, and forms a rule of twelve inches long when open. 
The sector consisting of two pairs, or legs, movable upon a 
central joint, it is requisite that the lines should be laid on 
the sector by pairs, viz. one of a sort on each leg, and aU 
of them issuing from the centre ; all of the same length, 
and every two containing the same angle. The scales or 
lines graduated upon the faces of the instrument, and which 
are used as sectoral lines, are, 1, two scales of equal parts 
called the line of lines, and marked l ; 2, two scales of 
chords, marked c ; 3, two scales of secants, marked s ; 4, a 
line of polygons, marked pol. Upon the other face ; 6, 
two lines of sines, marked s ; 6, two lines of tangents, mark- 
ed t ; 7, another line of tangents extending from 45 to 76 
degrees; the first only extending to 60. Besides these, 
when the sector is quite opened, there is on one side, 1, 
Gunter's line of artificial numbers, marked n ; 2, line of 
artificial sines, marked s: 3, line of artificial tangents, 
marked t; and on the other side a line of twelve mches 
divided in tenths, and on the edge, the foot divided into 
100 parts. To explain the proper use of all these sectoral 
lines would require more space than can be given in this 
work. A few examples w&l be given. 

1. In the line of equal parts, — Having three numbers 
given to find a fourth proportional. To do this, take in 
your compasses the lateral extent of sixteen divisions in the 
line of lines, and apply it by a proper opening of the sector 
from 4 to 4 in these Hues ; then take the parallel distance 
from 7 to 7 m your compasses, with the same opening of 
the sector, and apply one foot of the compasses to the CQm« 
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menoement of these lines, and* the other will fall on 28, th€ 
number required. For as 4 is to 7 so is 16 to 28. 

2. In the Lines of Chords. — Suppose it required to lay 
o£f an angle equal to 25 degrees, with any conyenient 
opening of the sector, take the extent in the lines marked 
c, from 60 to 60, and with it describe an arch indefinitely ; 
then, with the same opening of the sector, take the parallel 
distance from 25 to 25, and set it in the arch described, 
lines drawn from these points in the arch to its centre, will 
give the angle required. 

3. In the Lines of Sines. — The lines of sines, tangents, 
and secants, are used in conjunction with the line of Imes in 
the solution of all the cases of plain trigonometry ; thus, 
suppose we are 230 feet from a spire, or elevation, the 
height of which we wish to measure, we ascertain the angle 
formed at that distance by the base and point of the spire 
by means of a quadrant, and find it to be 36 degrees and 
80 minutes ; consequently, the other angle being its com- 
plement must be 53 j degrees ; we now take the lateral 
distance, 230, from the line of lines, and make it a parallel 
from 53^ degrees to 53 j degrees in the line of lines ; then 
the parallel distance between 36^ in the same Unes, will 
reach laterally from the centre to 170 in the Une of lines, 
for the height of the spu-e 170 feet. 

4. Polygons, — If we open the sector any canyenient 
distance, and take with the compasses the distance 6 and 6 
on these lines, and inscribe a circle, the whole circumference 
will be divided by it into 6 parts ; then, if you take the 
distance 4 and 4 on the same lines, it will be divided into 
four parts, and you have a square inscribed in the circle ; 
if you take 7 and 7 you have a heptagon, or seven sided 
figure, and so on with all the divisions of these scales. 

A great number of problems of much interest may be 
solved i)y means of these, and the other lines of the sector. 

Price, in ivory, $1.50. 
** in brass, $1.50. 

Architects Scq/le, — (Fig. 37, pa^e 37.) — Scales are usually 
divided into tenths ; those expressly for architects are divided 
into twelve Tparts, to correspond to the measure used by 
carpenters and masons. They are usually made of ivory, 
and six, nine, and twelve inches long ; one side is slanted 
off at each edge, having scales of |, ^, |, 1 inch, marked 
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thereon ; these are very conyenient, as any proportion msj 
be marked off, from the edge, directly on the drawing, 
without the use of a pur of dividers; the scales on th« 
other part are usually J, {, J, J, and on the other side of 
the scale IJ, 1^, IJ, 2, 2J, 2^, 3 inch. 

Price, 6 in. in ivory, $2.60. ; 9 in. $3.00. ; 12 in. $4.00. 
" in brass, from - - $1.00. to $3.00. 

The Parallel Rule (Fig. 38, page 37) is used for drawing 
one or more lines parallel to, or equally distant from, any 
line proposed. It consists of two straight rules, which are 
connected together, and always maintained in a parallel 
position by the two equal and parallel bars, which move 
very freely on the centre, or rivets, by which they are 
fastened to the straight rules. 

Price, in black ebony, 6 in., 62c. ; 9 in., 88c. ; 12 in., $1 ; 
15 in., $1.26; 18 in., $1.60; 
24 in., $2.60 ; 36 in., $5.00. 
" in ivory, 6 in., $1.50 ; 12 in., $3.00. 

Double Parallel Rule, — (Fig. 39, page 38.) — ^This instru- 
ment consists of two equal flat rules, and a middle piece ; 
they are connected together by four brass bars. The ends 
of two bars are riveted on the middle line of one of the 
straight rules ; the ends of the other two bars are riveted 
on the middle line of the other straight rule ; the other 
ends of the brass bars are taken two and two, and riveted 
on the middle piece, as is evident from the figure ; the brass 
bars move freely on their rivets, as so many centres. The 
advantage of this rule is, that in using it the movable rule 
may always be so placed, that its ends may be exactly over, 
or even with, the ends of the fixed rule ; whereas, in the 
former kind, they are always shifting away from the ends 
of the fixed rule. Price, 6 inch, ivory, $3.50. 

** 12 " " $7.00. 

Eckhardt^s, or Rolling Parallel Rule. — (Fig. 40, page 
38.) — ^This is a rule of black ebony, with slips of ivory laid 
on the edges of the rule, and divided into inches and tenths. 
The rule is supported by two small wheels, which are con- 
nected together by a long axis, the wheels being exactly of 
Ae same size, and their rollmg surfaces being parallel to the 
aixis ; when they are rolled backwards or forwards, the axis 
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TAe r Square,— {¥\^ 
41 and 42» page 39.)^ 
This is a very useful artidt? 
in drawing. A ruler, about 
two to three feet in length, 
made of hard wood, or 
stee), is fixed, as a square. 
I ^^^^^H to the middle of a pmt 

' ^^^^^H-.i of hard wood, about <me 

foot long and two inchea 
widftj and on one side a loose piece is fastened by a thumb 
screw, which psises through both pieces, allowing both to be 
clamped together at any angle, thus forming a bevel. 

The head of the square, applied close to the edge of a 
true drawing board, will admit of true lines being drawn as 



and rule will move m a 
direction parallel to them* 
selves. The w^heels are 
somewhat indented, to pre- 
rent their sliding on the 
paper ; small ivory cylifl- 
ders are sometimes affixed 
to the rollen, as in the 
figure* The circumferencei 
of these are so adjusted, 
that they indicate with ei- 
actneKs the parte of an incli 
moved through by the 
rule. 

In rolling these rulefi, 
one hand only must be used, 
and the fingers should be 
placed nearly In the mid- 
dle of the rale, that one 
end may not have a tea* 
dency to move faster than 
the other ; the wheels only 
should touch the paper 
when the rule is moving+ 
and the surface of the pa* 
per smooth and flat. 
Price, 12 im, $5.50, 
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well as oblique ones, with more ease and expedition than by 
the common parallel rule. 

Price, 75 cts. to 12.50.. 

« with steel blade, $3.00 to $5.00. 

The T Square and Protractor. — (Fig. 43, page 39.)*- 
This instrument is formed of a divided arc of brass, usua% 
about ten inches in diameter, whose graduation commenoip 
at the middle, and is continued each way to 90 degrees ; it 
the centre of the arc is attached a movable arm, about 9$ 
inches long ; at the shorter end is a vernier, running on i 
graduated arc, and subdividing the degrees of the arc io 
minutes, and having a spring bent over to the under side • 
the arc, with a screw to clamp it fast in any position. Ua 
on a true drawing board, this instrument is simple and c(t, 
venient, answering all the purposes of plotting and protraol^ 
mg of a square and bevel, and for drawing parallel lines.ft 
diflferent directions. Price, $7.00 to $12.00. 

Gauge for measuring Diameters, Interiors, etc, — (Fig. 44, 
page 39), with steel blades and brass sliding bars, the bars 
sliding within each other, and graduated to inches and 
tenths, with one, two, or three slides. 

Price, $1.50 to $7.50. 

Draughtsman's Squares. — (Figs. 45 and 46, page 39.) — 
These squares are best made of hard wood, and are used 
with a common flat ruler, one of the edges of the square 
being placed against the rule, and by holding the rule fast, 
and moving the square, parallel lines may be drawn with 
ease and accuracy. One of the squares represented is a 
solid one, having a hole for the finger to move it by. The 
other is open in the centre, and is used where thev are 
required of a large size. \ 

Price 25 cents to 75 oentk 

Curves. — (see pages 41, 42, 43.) — ^These are various in 
shape and size, and from 6 to 24 inches long. Their use is 
to present a variety of forms for drawing curves, and they 
are extensively used in naval architecture and other draw- 
ings. Price, 38 cents to 50 cents each. 
The set of 25, $7. 
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Cent7'oUn^ad . — {V\g. 74* page 45.)— Tho Centrolinead is an 
inslrmnent used in perspective drawing, for drawing lines to- 
wards a distant centre, as towards a distant vanishing point* 
They are made in pairs right and left. In the cut, the blades 
are represented as broken off. Price, with blades, each f 10, 

^pramd CircMlur PrQtraetor. — (^*^* ^^» P^g^ ^S.)-*- 
l instrument consists of an entire cirde^ A L^ c-QiTK?WfeQX&\ 
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with its centre by four radial bars, a a, <fec. The centre oi 
the metal is removed, and a circular disk of glass fixed la 
its place, on which are drawn two lines crossing each other 
at right angles, and dividing the small circle into four quad- 
rants, the intersection of the lines denoting the centre of the 
protractor. When the instrument is used for laying down 
an angle, the protractor must be so placed on the paper 
that its centre exactly coincides with, or covers the angubur 
point ; which may easily be done, as the paper can be seen 
through the glass centre-piece. 

Boimd the centre, and concentric with the circle, is fitted 
a collar, 6, carrying two arms, c c, one of which has a 
vernier at its extremity adapted to the divided circle, and 
the other a milled-head, d, which turns a pinion, working 
in a toothed rack round the exterior circle of the instrument; 
sometimes a third arm is applied at right angles to ifa 
other two, to which the pinion is attached, and a vernier 
can then, if required, be applied to each of the other two, 
and it also prevents the observer disturbing that part of the 
instrument with his hand when moving the pinion. The 
rack and pinion give motion to the arms, which can thus be 
turned quite round the circle for setting the vernier to any 
angle that may be required. Upon a jomt near the extremi- 
ty of the two arms (which form a diameter to the circle) 
turns a branch, e e, which for packing may be folded over 
the face of the instrument, but when in use must be placed 
in the position shown in the figure : these branches cany, 
near each of their extremities, a fine steel pricker, the two 
points of which, and the centre of the protractor, must, for 
the instrument to be correct, be in the same straight line. 
The points are prevented from scratching the paper as the 
arms are moved round, by steel springs, which lift the 
branches a small quantity, so that, after setting the centre 
of the protractor over the angular point, and the vernier in 
its required position, a slight downward pressure must be 
gif en to the branches, and each of the points will make a 
fine puncture in the paper ; a line drawn through one d 
these punctures and the angular point will be the line 
required to form the angle. 

Any inaccuracy in placing the centre of the protractor 
over the angular point may easily be discovered, for, if in- 
con ectly done, a straight line drawn through the two 
punctures in the paper will not pass through the angukr 
paini!, which it will do, if all be correct. 
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The face of the glass centre-piece, on wliich the lines are 
drawn, is placed as nearly^ even with the under surface of the 
instrument as possible, that no parallax raay be occcisioned 
bj a space b<3tween the lines and the surface of the paper, 

Bj help of the vernier, the protractor is graduated to 
single minutes, which j taking into consideration the numer- 
ous sources* of inaccuracy in this kind of proceedings is the 
smallest angular quantity that we can j^reiend to lay down 
with certainty. Price, il8.00 to 140.00. 
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The Pantagraph.--{Fig. 76, as above.) — The pantagraph 
is usually made of ebony or brass, from 12 to 24 inches long, 
and consists of four flat rules, two of them long and two w 
them short. The two longer are joined at the en^ by • 
double pivot, which is fixed to one of the rules, and works in 
two small holes placed at the end of the other. Under the 
joint is an ivory castor, to support this end of the instrument 
The two smaller rules are fixed by pivots near the middle of 
the larger rules, and are also joined together at their other 
end ; by the construction of this instrument, the four rules 
always form a parallelogram. There is a sliding box on the 
longer arm, and another on the shorter arm. These boxes 
may be fixed at any part of the rules, by means of thdr 
nailed head screws ; each of these boxes is furnished with 
a cylindrical tube, to carry either the tracing point, crayon, 
or fulcrum. The fulcrum or support, B, Fig. 76, is a leaden 
weight ; on this the whole instriunent moves when in use, 
there being movable rollers under different parts of the in- 
strument to facilitate the movement thereof. The gradua- 
tions are placed on two of the rules, B and D, with the pro- 
portions of i, ^, i, &ic., to -^9 marked on them. The feoal 
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holder, tracer, and fdlcmm, must in all cases be in a right 
line, so that when they are set to any number, if a string be 
stretched over them, and they do not coincide with it, there 
is an error either in the setting or the graduations. The long 
tube that carries the pencil, or crayon, moves easily up or 
down in another tube, passing afterwards through the holes 
in the three small knobs to the tracing point, where it may, 
if necessary, be fastened. By pulling this string, the pencil 
is lifted up occasionally, and thus prevented from making 
false or improper marla upon the copy. 

To Reduce in any proportions, ^, \, J, etc., as marked on 
the bars. — Suppose, for example, \ is required : place the 
two sockets at \ on the bars B and D, place the fulcrum 
or lead weight at B, the pencil socket with pencil at D, 
and the tracing point at C. Fasten down upon a smooth 
board, or table, a sheet of white paper under the pencil D, 
and the original map, <&c., imder the tracing point C ; al- 
lowing yourself room enough for the various openings of 
the instrument. Then, with a steady hand, carefully move 
the tracing point C over the outlines of the map, and the 
pencil D will describe exactly the same figure as the original, 
but half the size. In the same manner for any other propor- 
tion, by only setting the two sockets to the number of the 
required proportion. The pencil holder moves easily in the 
socket to give way to any irregularity in the paper. There 
is a cup at the top for receiving an additional weight, either 
to keep down the pencil to the paper, or to increase the 
strength of its mark. 

If the original should be so large, that the instrument 
will not extend over it at any one operation, two or three 
points must be marked on the original, and the same to cor- 
respond on the copy. The fulcrum and copy may then be 
removed into such situations as to admit the copying of the 
remaining part of the or^nal; first observing, that when 
the tracing point is applied to the three pomts marked on 
the original, the pencil falls on the three corresponding points 
upon wie copy. In this manner, by repeated shiftings, a 
pantagraph may be made to copy an original of ever so 
larffe dimensions. 

To enlarge in any of the proportions, ^, \, \, <fec. — Sup- 
pose J. You set the two sockets at j, as before, and have 
only to change places between the pencil and tracing point, 
fii. to place the tradng point at D> and the ij^xlc^iIl ^\»^« 
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To copy off the same sue, but reversed, place the two 
sockets at f, the fulcrum at D, and the pencil at B. 
Price, ebony bars and brass mounting, $7.50 to $14.00. 
" all brass, - - - $16.00 to $30,00. 



SURVEYING INSTRUMENTS. 



SURVEYOR'S LAND CHAIN. 



Gunter's Chain (Fig. 77, page 61) is the one now com- 
monly used in taking the dimensions of land ; it is sixty-six 
feet, or four poles, in length, and is divided into 100 links, 
each of which is joined to the next by three rings ; the 
length of each link, including the connecting rings, is 7. 92 
inches, and at the end of every tenth link is attached a piece 
of brass (each of a different shape) for more readily count- 
ing the oad links. 

Short distances, or offsets from the chain line, are usually 
measured with a rod, called an off-set staff, the most con- 
venient length for which is 6 feet 7.2 inches, being equal to 
10 links of the chain, and it should be divided accordingly. 

"With the chain should be provided ten arrows, which may 
be made of strong iron wire, about 12 or 15 inches long, 
pointed at one end for piercing the ground, and turned up 
at the other, in the form of a ring, to serve as a handle : 
their use is to fix in the ground at each extremity of the 
chain whilst measuring, and to point out the number of 
chains measured. Price, 2 pole, $1.00 and $1.25. 

" 4 " $2.25 to $2.75. 

Perambulator, or Measuring Wheel. — (Fig. 78, page 51.) 
— An instrument which being run along a road or other 
level surface indicates and registers the exact distance it 
passes over. The general form of the instrument, and iti 
system of wheel- work, are as follows : — 

The wheel is 8^ feet in circumference, and consequently 

measures exactly a pole in every two revolutions. The 

mmiber of revolutions made, and consequently the distance 

passed over, is seen on the dial-plate, where thex^ ^x^ \.^^ 

5 
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liands, one moving round a circle, upon which are mscribed 
yards, poles and furlongs ; the other, that is the shorter 
hand, indicates the number of miles travelled. 

Price, |50.00« 

Tape Measure. — (Fig. 79, page 51.) — ^This instrument 
consists of a tape prepared and painted, or varnished, on 
which is divided feet and inches, one end of which is attach- 
ed to a brass axis having a handle, by turning which the 
tape is wound up in a small compass, and inclosed usually 
in a leather box ; to the other end of the tape a ring is at- 
tached, by which the tape may be drawn out, the measure- 
ment commencing at the ring ; on one side there are frequently 
divided links, 100 of which make a chain, or 66 feet. 

Price, 25 feet long, $1,25 ; 30 feet long, $1.37. 
** 40 " ** $1.60; 50 •* ♦* $1.75. 
" 60 •* •* $2.00; 100 ** *' $3.00. 

Pocket Tape Measure. — (Fig. 80, page 51.) — These are 

from three to twelve feet long, and mounted in a variety of 

styles, some having springs by which the tape is drawn m 

when required, and are mounted in brass or German dlTer. 

Price, 3 feet, brass case, - - $0.68. 



6 


** *••*.. $0.88. 


12 


" •*'-.. $1.25. 


3 


" with spring, $1.25. 


6 


** " ** ** ** $1«50. 


3 


" German silver, " " $2.0G. 



Plumb Bob, — (Fig. 81, page 51.)— This consists (tf a< 
of metal with steel point and rounded top, suspended by i 
cord, for which a small perforated piece of brass is screwed 
into the top, within which the knot fastening the cord is 
tied. Price, 2 inch, $1.25; 3 inch, $2.00. 

" 4 ** - - - $2.60. 

Pocket Compass. — (Fig. 82, page 53.) — The pocket com- 
pass is a very valuable instrument to travellers, and persom 
visiting pathless forests, or unfrequented places, as by the 
help of this little instrument they may direct their oourw 
with certainty in any direction ; they are usually made k 
small brass boxes, from one inch to two inches in diamefefli 
and half an inch thick ; the points of the compass are mpm 



Fig. m ^*ff- ^^ 
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sented on a card at the bottom of the box, and orer it the 
magnetic needle is suspended on a fine point, a glass cover- 
ing the needle, and a brass cap covering the whole. 

Price, 88otB. 

'' two sizes larger 50ct8., and 68ct8. 

(Fig. 83, page 53) represents a pocket compass in a 
watch form, with a pendant, the case usually gilt and neatly 
and lightly made. ' Price, $1.00. 

(Fig. 84, page 53) represents a pocket compass of the 
best make, having an enamelled dial with all the 360 domes 
and all the points of the compass marked thereon, havmg a 
fine edge bar needle with agate centre, a stop to lift the 
needle from the fine point on which it turns, to prevent 
imnecessary wear when not in use ; the case is either of 
silver or well gilt, and is enclosed in a morocco case. 

Price, strong gilt case, $9.00. 
" silver case, $12.00. 

Pocket Compasses (Fig. 85, piige 53) in square wood cases, 
with lever to stop the magnetic needle when the lid is closed, 
but on opening the lid, is left free to assume its directive 
tendency. % 

Price, 2 inch, $1.25; 2^ inch, $1.50; 3 mch, $2.00. 

The Mariner^s Compass (Fig. 86, page 53) consists of a 
magnetic needle, formed of a thin plate of steel, about six 
inches long, and half an inch wide, having at its centre a 
cap fitted to it, usually having an agate centre, which is 
supported on a sharp pointed pivot fixed in the base of the 
instrument ; beneath the needle is fixed a circular card, on 
the circumference of which are divided 360 degrees, while an 
inner circle, described on it, is marked with the thirty- two 
points, of which the four, viz. North, South, East, and 
West, are called cardinal points, while intermediate between 
these are n.e. or north-east, s.e. or south-east, s.w. or 
south-west, N.w. or north-west, N.b.E. is north by east, n.n.k. 
is north of north-east, etc. ; the pivot of support rises from 
the bottom of a circular box, which contains the needle and 
its card, and is covered with a glass ; the compass box a 
suspended within a larger square box, by means of two ' 
concentric brass circles, or gimbals, as they are called, tiie 
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outer one being fixed by horizontal points, both to the inner 
circle which carries the compass box, and also to the outer 
box ; and the two sets of axes being in directions at right 
angles to one anothei*, by the combinations of moyements 
determined by these axes, the inner circle, with the compass 
box and its contents, always retains a horizontal position dur- 
ing the rolling of the ship ; and the pilot, by looking at the 
position of the needle, can steer his course in any required 
direction. Although the north pole of the magnet, in every 
part of the world, when freely suspended, points to the 
northern parts, and the south pole to the southern parts, 
yet its ends seldom point exactly towards the poles of the 
earth. The angle in which it deviates from due north and 
south is called the angle of declination, or the variation of 
the compass ; and this declination is said to be east or west, 
according as the north pole of the needle is eastward or 
westward of the astronomical meridian of the place. This 
deviation from the meridian is not the same in all parts of 
the world, but is different in different places, and it is even 
continually varying in the same place ; the present declina- 
tion of the needle is 

Price, with wood bowl, $2.50. 
F^ ** " brass " $4.60. 

Brass Boat Compass, — (Fig. 87.) — ^The brass 
boat compass with nautical floating card. 

Price, 2 J inch diameter, $2.25. 
" 3 " " $2.Y5. 

The Azimuth Compass. — (Fig. 88, page 55.) — ^The ari- 
muth compass differs from the ordinary marmer's compass, 
only in the circumference of its inner box being provided 
with sights, through which any object, either in the horizon 
or above it, may be seen, and its bearings from the magnetie 
points of the compass determined, by reference to the posi- 
tion (rf the card, with respect to the sights. For this pur- 
pose the whole box is himg in detached gimbals, which 
turn on a strong vertical pin fixed below the box, which is 
thus capable of being moved around horizontally, and of 
the sights being directed to whatever object is to be viewed 
through them. On one side of tlie box there is usually 
inserted a nut, or stop, which, when pushed in, presses 
against the card and stops it ; this is done to enable ^e 




suaT^nuo i^3tecjiiei;xs. 
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obeerver to read off the numbeT of degrees from the card, 
which correspond with an index, or perpendicular Una, 
drawn on the inside of the boit. 

Descriplioji. — The semicircle A b is fixed hy a screw at its 
middle, or lowest pomt, to a stand at the bottom of the 
outer box containing the whole apparatus, in such a manner 
as to admit of its being turned round horizontally, and 
placed in all azimuths* To the upper extremities of this 
&emicircle a brass circle c d is fixed by two pivots, constitut- 
ing a horizontal axis of motion ; while the inner cylindrical 
brass box p q, containing the compass, is attached to the 
brass circle o n by similar pivots, of which one h seen at g, 
forming a horizontal axis at right angles to the former, and 
both toi^ether acting as gimbals. The compass with its 
card is balanced in the usual manner on a pointed pivot 
rising from the centre of the bottom of the inner box, the 
upper side of which h covered with a circular glass. The 
two sights E apd o are fixed vertically on the upper side of 
the cylinder of this bos, diametrically opposite to each other ; 
the ona, e, to which the eye is intended to be applied, ^q'r.- 
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Bists of a brass slip, having a narrow yertical slit ; the other, 
o, which is turned to the object, is a similar sUp, having an 
oblong aperture containing a fine thread, passing along the 
middle 01 the open space in a vertical direction. Two ver- 
tical lines are also marked on the inside of the box, which 
are prolongations of the slit in the sight for the eye, and of 
the thread in that for the object. These lines are intended 
as indexes for the measurement of the angular distance in 
azimuth of an object viewed through the two sights, from 
the place of the magnetic meridian, as shown by that por- 
tion of the graduate edge of the card which coincides wiUi 
the line with which it is compared. 

Price, $8.00 to $20.00. 

The Prismatic Compass. — (Fig. 89, as below.) — ^The use 
of this little instrument is to measure horizontal angles oAly, 
and from its portability it is particularly adapted for military 
s\irveying, or where but little more than a sketch map of the 
coimtry is required. It is also very useful in filling in the 
detail of a map, where all the principal points have been 
correctly fixed by means of the theodolite. It may likewise 
be used for determining approximately the direction of the 
true meridian, the variation being determined by comparing 
the observed azimuth of a celestial object, with its true 
azimuth deduced from an observation made for the purpose. 

Fig. 89. 




BUUVEVimO nraTRUMENTS. 5Y 

In the preceding figure, A represents the compass hoz, and 
B the card, which, being attached to the magnetic needle, 
moves as it moves, round the agate centre, a, on which it 
is suspended. The circumference of the card is usually 
divided to 30' of a degree ; c is a prism, which the 
observer looks through in observing with the instrument. 
The perpendicular thread of the sight-vane, E, and the 
divisions on the card appear together on looking through the 
prism, and the division with which the thread coincides, 
when the needle is at rest, is the magnetic azimuth of what- 
ever object the thread may bisect. The prism is mounted 
with a hinge joint, D, by which it can be turned over to 
the side of the compass box, that being its position when 
put into the case. The sight-vane has a fine thread stretched 
along its opening, in the direction of its length, which is 
brought to bisect any object, by turning the box round 
horizontally ; the vane also turns upon a hinge joint, and 
can be laid flat upon the box, for the convenienceof car- 
riage. F is a mirror, made to slide on or off the sight-vane, 
E ; and it may be reversed at pleasure, that is, turned face 
downwards ; it can also be inclined at any angle, by means 
of its joint, d ; and it will remain stationary on any part of 
the vane, by the friction of its slides. Its use is to reflect 
the image«of an object to the eye of the observer when the 
object is much above or below the hoiizontal plane. When 
the instrument is employed in observing the azimuth of the 
Sim, a dark glass must be interposed ; and the colored 
glasses represented at G, are intended for that purpose ; 
the joint upon which they act allowing them to be turned 
down over the sloping side of the prism box. 

At 6 is shown a spring, which, being pressed by the 
finger at the time of observation, and then released, checks 
the vibrations of the card, and brings it more speedily to 
rest. A stop is likewise fixed at the other side of the box, 
by which the needle may be thrown off its centre ; which 
should always be done when the instrument is not in use, 
as the constant playing of the needle would wear the point 
upon which it is balanced, and upon the fineness of the 
point much of the accuracy of the instrument depends. A 
cover is adapted to the box, and the whole is packed in a 
case, which may be carried in the pocket without incon- 
venience. 

The method of using this instrument is very «>\m^\fe» YywX. 
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raise the prism in its socket, 5, until you obtain distmct 
vision of the divisions on the card, and standing at the 
place where the angles are to be taken, hold the instrument 
to the eye, and looking through the slit, c^ turn round tiU 
the thread in the sight-vane, bisects one of the objeeto 
whose azimuth or angular distance from any other object 
is required ; then, by touching the spring, e, bring the needle 
to rest, and the division on the card which coincides with 
the thread on the vane, will be the azimuth or bearing of 
the object from the north or south points of the magnetic 
meridian. Then turn to any other object, and repeat the 
operation ; the difference between the bearing of tins object 
and that of the former, will be the angular distance of the 
objects in question. Suppose the former bearing to be 40^ 
80', and the latter 10*=* 15', both east, or both west, from 
the north or south, the angle will be 30° 15.' The divi- 
sions are generally numbered 5*^, 10°, 15°, etc., round the 
circle to 360°. A stand can be had with the instrument, 
if required, on which to place it when observing, instead of 
holding it in the hand. Price, $16.00 and $20.00. 

The Plane- Table, — (Fig. 90, as below.) — Before the theo- 
dolite came into general use, the plane-table was extensively 
employed in the practice of surveying ; it is still ^metimes, 
though seldom, used in surveying small plots of ground, or 

Fig. 90. 
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(where great accuracy is not required) in forming a sketch 
map, or laying down the details of a country where the 
relative situation of the principal conspicuous objects have 
been previously fixed by triangulation. The expedition with 
which such work may be performed, by a person who is expert 
in the use of this instrument, is its chief recommendation. 

The construction and size of the plane-table have been 
varied at different times, to suit both the convenience and 
intentions of the surveyor ; but the annexed figure is a re- 
presentation of that which is now in most general use. It 
is a board, as A, about sixteen inches square, having its 
upper edge rabbeted, to receive a boxwood frame, B, which 
being accurately fitted, can be placed on the board in any 
position, with either face upwards. This frame is intended 
both to stretch and retain the drawing paper upon the board, 
which it does by being simply pressed down into its place 
upon the paper, which for this purpose must be cut a httle 
larger than the board. 

One face of the frame is divided to 360 degrees, from A 
centre, C, fixed in the middle of the board, and these are 
subdivided as minutely as the size of the table will admit. 
The divisions are frequently numbered each way, to show 
at sight both an angle and its complement to 360^. There 
is sometimes a second centre piece, D, fixed on the table, at 
about a quarter of its width from one of the sides, and at 
txactli/ half its length in the other direction. From this cen- 
tre, and on the other side of the frame, there are graduated 
180°; each of these degrees is subdivided to 30 minutes, 
and numbered 10, 20, 30, <fec., both ways, to 180. The 
object of these graduations is, to make the plane-table sup- 
ply the place of the theodolite, and an instrument formerly 
in use called a semicircle. The reverse face of the frame is 
usually divided into equal parts, as inches and tenths, for ' 
the purpose of ruling parallel Imes or squares, and for shift- 
ing the paper, when the work requires more than one sheet. 
G is a compass-box, ]et into one side of the table, with a 
dove-tail joint, and fastened with a milled-headed screw, 
that it may be applied or removed at pleasure. The com- 
pass, besiaes rendering the plane-table capable of answering 
the purpose of a circumferentor, is principally useful in 
setting the instrument up at a new station parallel to any 
position that it may have had at a former station, as well as 
a check upon the progress of the work. 
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The ruler or index, E, is made of brass, as long as tlift 
diagonal of the table, and about two inches broad ; it has a 
sloping edge, like that of a Gunter's scale, which is called 
the fiducial ed^. A perpendicular sight yane, F F, is fixed 
to each extrenuty of the mdex, and the eye looking through 
one of them, the vertical thread in the other is made to 
bisect any required distant object Upon the flat surface 
of the index, there are frequently engraved scales of yariooi 
kinds, such as lines of equal parts, with diagonal scales, a 
line of chords, &c. 

To the under side of the table, a centre is attached with 
a ball and socket, or parallel plate-screws like those of the 
theodolite, by which it can be placed upon a staff-head; 
and the table may be set horizontal, by means of a circular 
spirit-level placed upon it for that purpose. 

Price, $20.00 to $35.00. 



Fig. 91. 




Surveyor's Cross. — ^The surveyor's cross 
(Fig. 91) consists of two pair of sights, 
placed at right angles to each other. These 
sights are sometimes pierced out in the 
circumference of a thick tube of brass, or 
sides of a square box, about three inches 
in diameter. It has a socket, which, when 
in use, is screwed on a staff, having a sharp 

?oint at the bottom to stick in the ground, 
he more improved instruments are made 
octangular, having the intermediate angle 
of 46 degrees also pierced. 

Price $3.00 to $6.00. 



Circumferentor, or Surveyor's Compass, — (Fig. 92, next 
page.) — ^This instrument consists of a brass plate, usually 
about fourteen or fifteen inches long, with sights at each 
end, and in the middle thereof a circular box with a glass 
cover, usually from five to seven inches diameter ; within 
the box is a brass graduated circle, the upper surface divid- 
ed into 360 degrees, and frequently subdivided into half 
' degrees, and numbered from the north and south points 
each way from to 90. On the face of the plate are en- 
graved the principal points of the compass, a fleur de lis 
answering for the north. In the middle of the box is placed 
a steel pin finely pointed, called the centre pin, on which ia 
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poised a magnetic needle, wliich, if freely monntedj will rest 
m the position called the magnetic naeridian ; and however 
the instrument may he moved about, the bearing or angle 
which any line makes with the magnetic meridian is at once 
shown. The sights at the ends of the plate are fastened in 

Fig. 9iL 
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their position, perpendicular to the plate, by milled-heid 
screws, and may be detached for convenient transportation} 
in each sight there is a large and small aperture, or slit^ tb 
one over the other ; these are alternate, that is, the lavge 
aperture being above the smaller in one of the sights, tm 
below it in the other ; a fine piece of sewing silk is fastened 
vertically through the middle line of the large slit, through 
small holes for the purpose. Under the compass box is a 
socket to fit in the pin of the staflf ; the instrument may be 
turned around on this pin, or fixed in any situation by the 
milled-head screw ; it may also be readily fixed in a hori- 
zontal direction by the ball and socket of the staff, moving 
for this purpose the box, till the ends of the needle are 
equidistant from the bottom, and traverse or play with 
freedom. 

There are usually one or two levels on the plate of the 
instrument, for more accurately finding a horizontal position. 
A spring is also placed within the box, having a milled-head 
screw acting agamst it, by which the magnetic needle can 
be lifted off the centre pin and the cap pressed against the 
glass, to preserve the point of the centre pin from bemg blunt- 
ed by the continual friction of the cap of the needle. The 
most improved instruments have a loose plate, to which is at* 
tached the compass box, having a vernier over a graduated arc 
on the face of the brass plate ; by this contrivance the compass 
box may be moved about its centre without moving the 
plate to which the sights are attached ; a long screw with a 
milled head being on the opposite side of the compass box; for 
the purpose of giving a slow motion wheii required. Sup- 
pose the needle to rest between two of the divisions on the 
graduated circle; by this vernier the number of minutes 
contained between the needle and either of the divisions is 
indicated. The sights also are improved, having small slits 
in both the upper and lower part, in which holes are placed 
alternately, for taking sight through. 

To use the Circurrrferentor, or Surveyor's Compass, — Sup- 
pose a given angle to be measured ; the instrument being 
fixed on the stan^ place its centre over one of the points of 
the angle, set it horizontal by moving the ball in its socket 
till the needle is parallel to the bottom of the compass box, 
or the levels indicate a horizontal position ; turn the end of 
the compass box on which the N or fleur de lis is engraved 
next the eye, look through the sights to one of the qbjeeti 
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tcfrwaing the aTigle to be measured, and observe at wbat 
degree the needle stands j suppose 40, turn the instrttment 
around on the pin of the ball and socket till you can see the 
object forming the other angle, and suppose the needle now 
to stand at 85^ take the former from the hitter, and the 
remainder, 45, is the required an^le. 
Packed in a mahogany case, with lock, 

Price, with 4 in. needle, 114.00, 

" with 5 in, needle, ^30.00 and *22.60. 

'* with e in. needle, $28-00 and $32.00. 

*' with nonius, 5 in. (S30,00. 

*' with nonius, fi in. 135.00 to |42* 




Pt^Lne SitrvEi/or^^ Chmpuss, — The above engraving (Fig* 93) 
represents a low -priced surveyor's compass, that is ver^ MSft-" 
ftil to farmers and others, in running lines andla^m'^Q^^^ ^^vx 
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Thp (/t'ttpfivmeft*f\ and Fnar Sighted TTt^odolite, — (F^, JM, 
rii fili4»n<4) — TIm^ nrmr Jit Inii^ iVom the use of an ii^stnmM^ 
wUh** iUf^ wlMtln rlriiiuittniH'i'' IN placed on the needle, bofig 
ff^fjiu'rillf inltiirtu^ful hy lurnl atlractions, has rendered i 
fijiriiRmiy for pimimi nilN^r uinilifHl Lq l>e employed to tneasilli 
ttlt(4l*^R wltih r»(irumt7 ; iinKHii^ tlwm the common theodoite 

Ail) if Mir ni^liU liiiM Ukt'ii lUo load. 

Hi U rtidiphi In ll.Ki i'<mi4l,rmitujn* iind easy in its use, 
Tlir JinnH)nHi lli^iirtj rrpn^wratii tlifi graphometer, a biatf 
p\nU' 'ir |iurt of rb uinilti rihtiut Lvvolvo inches in diameter, 
grnihinloci on tU i*(ij/*i fmin lo 180 degrees; in the op€t* 
\u^ tioiwiHMi tJin niovujfx Cfinire and the gmduated an;, iii 
noinjiiiAA nliout four inch en lit diameter; two sights are fiied 
un tdn ^riuhiidf^d arc, one at and the other at 180*^^ Per* 

fK»n<lif!ular to Uie pbno of the instrumentp there is amovubk 
Imb Mttaclind lo tlio limb of the arc, but a little shorter aad 
hnvtng ihcj L^xtremiilcB slanted off, one of which form^ i 
nonius, Buhdtviding the degrees on the limb to minutes, and 
having twro Bights, one at each end ; in each sight there is % 
hirge and a small aperture, placed alternately, the large 
ttperture in one sight being always opposed to the narrow 
apeilurc in the other ; underneath the plate is a spring to 
fit on the pin of a ball and socket, which fixes it the aingk 
or three legged staff, as may be required. In the figure the 
ball and socket are represented detached from the instrument* 
The Four Sighted Theodoiite is the same instrumeoE, ex- 



Ml 

hi 



M 



SUEVXTIMO nffCrTEUMXVTS. 65 

oept that the circle is entire, and the compass is placed in 
the centre of the circle. 

Cautions in using the instrument. — 1. Spread the legs that 
support the theodolite rather wide, and thrust them firmly 
into the ground, that they may neither yield nor give un- 
equally during the observation. 2. Set the instrument 
horizontal. 3. Screw the ball finnly in its socket, that in 
turning the index the theodoUte may not vary from the ob- 
jects to which it is directed. 4. Where accuracy is required, 
the angles should always be taken twice over, oftener where 
^eat accuracy is material, and the mean of the observation, 
must be taken for the true angle. 

!ro measure an angle with the Theodolite, — Let a b c repre- 
sent the angle to be measured ; place the theodolite over 
tJie angular point a, and direct the fixed sights along one of 
the lines, till you see through the sights the point b ; at this 
icrew the instrument fast ; then turn the movable index till 
bhrough its sights you see the other point, o ; then the de- 
crees cut by the index upon the graduated limb or ring of 
the instrument show the quantity of the angle. 

The fixed sights are always to be directed to the last 
station, and those of the index to the next. 

Price, 8 inch, in case, $15.00. 
** 12 »* " $30.00. 

The QtwdranU—^w. 95, next page.) — ^The Quadrant 
consists of an arc finmy attached to two radii, or bars, 
which are strengthened and boimd together by two braces. 

Cf the Index, — ^The Index is a flat bar of brass attached 
to the centre of motion. At the lower end of the index 
there is an oblong opening ; to one side of this opening a 
nonins scale is fixed to subdivide the divisions of the arc. 
At the bottom, or end of the index, there is a piece of 
bsass, which bendj under the arc, carrying a spring to make 
the nonius scale lie close to the divisions ; it is also fur- 
nished with a screw to fix the index in any desired position. 
Hie best instruments have an adjusting screw fitted to the 
index, that it may be moved more slowly, and with greater 
r^rolaiitv and accuracy than by the hand. The circular 
arcs on the arc of the quadrant are drawn from the centre 
on which the index turns. The position of the index on the 
arc, after an observation, points out the number oC di^^x^^^ 
nnd minutes contained in the observed ansVe. 
0* 
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0/ ^A^ 7«^(*^ Glam. — Upon the inder, and near its 
is fixed a plain speculimi, or mirror of glass, quiekailf^ 
It 18 set in a brass frame, and is placed so that the tu 
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it is perpendicular to the plane of the instrument; this 
mirror being fixed to the index, moves along with it, and 
has its direction changed by the motion thereof; this glass 
is designed to receive the image of the sun, or any other 
object, and reflect it on the horizon glass. The brass frame 
with the glass is fixed to the index by screws which serve 
to adjust it in a perpendicular position. 

Of the Horizon Glass. — On the radius of the frame is a 
small speculum, the surface of which is parallel to the index 
glass, when the counting division of the index is at O on 
the arc, and receives the reflected rays from the object, and 
transmits them to the observer. The horizon glass is not 
entirely quicksilvered, but only on its lower half, or that 
next to the frame of the quadrant, the . other half being 
transparent ; and the back part of the frame is cut away, that 
nothing may impede the sight through the unsilvered part 
of the glass. The edge of the foil of this glass is about pa- 
rallel to the plane of the instrument, and ought to be very 
sharp, and without a flaw ; the glass is set in a brass frame, 
to which there is an axis which passes through the wood- 
work, and is fitted to a lever on the imder side of the 
quadrant; by this lever the glass may be turned a few 
degrees on its axis, in order to set it parallel to the index 
glass ; the lever has a contrivance to turn it slowly. To 
set this glass perpendicular to the plane of the quadrant 
there are two sunk screws, one before and one behind the 
glass; these screws pass through the plate on which the 
mune is fixed, into another plate, so that by loosening one, 
and tightening the other of these screws, the direction of 
the firune, with its mirror, may be altered, and thus set 
peroendioular to the plane of the instrument. 

€f ike Shades, — ^These are two red, or dark, and one 
I glass ; they are used to prevent the rays of the sun 
hurting the eye at the time of observation ; they are 
of them set in a brass frame, which turns on a centre, 

that they may be used separately, or together, as the 

■jh t»ft<M of the sun may require. These glasses are fixed 
un die frame, between the index and the horizon glasses. 

Of ike Sight Vane. — This is a piece of brass fixed on the 
frame opposite the horizon glass, perforated with two small 
holes, one exactly at the height of the quicksilvered edge 
of the hoiizon glass ; the other somewhat higher, to direct 
the sight to the middle of the transparent ]^&Tt oi \)tk& "osisxcst 
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for those objects that are bright enough to be reflected from 
the unsilvered part of the mirror. 

Th£ Arc and Nonius, — ^The Arc is divided into 90 degrefli 
from the right to the left, and each degree is subdivided 
into three parts, or 20 minutes, which are again subdivided 
by the Nonius into every minute. The Nonius is numbered 
at every fifth of three divisions, from the right to the Idl, 
with 6, 10, 15 and 20. The first division to the right hand 
being to be considered the index division. 

Directions to hold tlie Quadrant. — It is recommended 
to support the weight of the instrument by the right hand, 
and reserve the left to govern the index ; place the thumb 
of the right hand against the edge of the quadrant, under 
the swelhng part, on which the sight stands, extending the 
fingers across the back of the quadrant, so as to lay hold (M 
the opposite edge, placing the forefinger above, and tlie 
other fingers below the swelling part, or near the horinm 
glass ; thus the instrument may be supported conveniently 
m a vertical position, by the right hand only. By resting tlw 
thumb of the left hand against the side, or the fingen 
against the middle bar, you may move the index gradnallj 
either way. 

To adjust the Quadrant, — It is a peculiar excellence of 
the Quadrant that the errors to which it is liable are easily 
detected and soon rectified ; the observer may, therefore, tf 
he will be attentive, always put his instrument in a fit state 
for accurate observation. 

1. To adjust the Index Glass, or maJce it perpendicular 
to the Plane of the Instrument, — Hold the Quadrant in t 
horizontal position, with the index glass close to the eje^ 
look nearly in a right line down the glass, and in such t 
manner, that you may see the arc of the quadrant by direct 
view, and by reflection at the same time. K they job m 
one direct line, and the arc seen by reflection forms aa 
exact plane with the arc seen by direct view, the glasv is 
perpendicular to the plane of the quadrant ; if not, the 
error must be rectified by altering the position of the serewi 
behind the frame. 

2. To adjust the Horizon Glass, and set it parallel to (k 
Index Glass. — Set the index line of the nonius exactly at • 
on the limb, and fix it there by the screw at the under 8id& 
Now look through the sight at some distant small object; 
ibe object will be seen directly through the unsilvered put 
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of the glass, but by reflection in the silvered part ; if the 
object in the silvered part exactly meets, and forms one con- 
tinued line with that seen through the unsilvered part, then 
is the instrument said to be adjusted, and the horizon glass 
to be parallel to the index glass ; but if the objects do not 
coincide, then loosen the screw on the imder side of the 
quadrant, and turn the horizon glass on its axis, by means 
of its adjusting lever, till you have made them perfectly 
coincide. This adjustment ought to be examined before 
every important observation. 

3. To adjust the Horizon Glass perpendicular to the Plane 
of the Quadrant. — Incline the quadrant on one side as much 
as possible, provided the distant object continues to be seen 
in both parts of the glass at the same time. If, when the 
instrument is thus inclined, the object continues to form an 
unbroken line, the quadrant is perfectly adjusted ; but if the 
reflected object be separated from that seen by direct vision, 
the glass is not perpendicular to the plane of the quadrant ; 
and if the observer is inclined to the right, with the face of 
the quadrant upward, and the reflected object appears higher 
than the real object, you must slacken the screw before the 
horizon glass, and tighten that which is behind it ; but if the 
reflected object appears lower, the contrary must be per- 
formed. Care must be taken in these adjustments to loosen 
one screw before the other is screwed up, and to leave the 
adjusting screws tight, or so as to draw with a moderate 
force against each other. 

Price $14.00 to $18.00. 

iS^ca?te«<.— (Fig. 96, page 70.) — The annexed figure re- 
presents a sextant of Troughton's construction, having a 
double frame, A A, connected by pillars, a a, &c., thus 
uniting strength with lightness. The arc, B C, is generally 
l^raduated to 10' of a degree, commencing near the end, C, 
and it is numbered towards B. The divisions are also con- 
tinued on the other side of zero, towards C, forming what 
is called the arc of excess, which is useful in determining 
the index error of the instrument, as will be explained here- 
after. The limb is subdivided by the vernier, E, into 10", 
the half of which (or 5") can be easily estimated : this 
small quantity is easily distinguishable by the aid of micro- 
scope, H, and its reflector, 6, which arc connected by an arm 
"with the index, I E, at the point, c, round -wYAqXi \\i \.\\rQ& ^s^ 
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Fig. 96. 




a centre, affording the means of examining the whole ▼»• 
nier, the connectmg arm being long enough to allow tiw 
microscope to pass over the whole length oi it. 

To the index is attached a clamp to fasten it to the limb^ 
and a tangent-screw, J (in the plate, the clamp is concealed 
from view), by which the index may be moved any small 
quantity after it is clamped, to render the contact of the 
objects observed more perfect than can be done by moying 
it with the hand alone. The upper end, I, terminates in • 
circle, across which is fixed the silver-indexed glass, F, ofbt 
the centre of motion, and perpendicular to the plane of tiie 
instrument. To the frame at G is attached a second ff]sn» 
called the horizon-glass, the lower half of which omy iB 
silvered : this must likewise be perpendicular to the pume 
of the instrument, and in such a position that its plane shall 
be parallel to the plane of the index-glass, F, when the 
vernier is set to 0° (or zero) on the limb, B C. A devia- 
tion from this position constitutes the index error before 
spoken of. 
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The telescope is carried by a ring, L, attached to a stem, 
e, called the up-and-down piece, which can be raised or 
lowered by turning the milled screw, M : its use is to place 
the telescope so that the field of view may be bisected by 
the line on the horizon-glass that separates the silvered from 
the unsilvered part. This is important, as it renders the 
object seen by reflection, and that by direct vision, equally 
bright ; two telescopes and a plain tube, all adapted to the 
ring, L, are packed with the sextant, one showing the objects 
erect, and the other inverting them ; the last has a greater 
magnifying power, showing the contact of the images much 
better. The adjustment for distinct vision is obtained by 
sliding the tube at the eye-end of the telescope in the inside 
of the other ; this also is the means of adapting the focus 
to suit different eyes. In the inverting telescope are placed 
two wires, parallel to each other, and in the middle of the 
space between them the observations are to be made, the 
wires being first brought parallel to the plane of the sextant, 
which may be judged of with sufficient exactness by the 
eye. When observing with this telescope, it must be borne 
in mind, that the instrument must be moved in a contrary 
direction to that which the object appears to take, in order 
to keep it in the field of view. 

Four dark glasses, of different depths of shade and color, 
are placed at K, between the index and horizon glasses ; 
also three more at N, any one or more of which can be 
tamed down to moderate the intensity of the light, before 
reaching the eye, when a very luminous object (as the sun) 
is observed. The same purpose is effected by fixing a dark 
glasfr to the eye-end of the telescope: one or more dark 
ffkkBBes'for this purpose generally accompany the instrument. 
They, however, are chiefly used when the sun's altitude is 
ofas^red with an artificial horizon, or for ascertaining the 
index error, as employing the shades attached to the instru- 
ment for such purposes, would involve in the result any 
enor which they might possess. The handle, which is shown 
St O, is fixed at the back of the instrument. The hole in 
the middle is for fixing it to a stand, which is useful when 
an observer is desirous of great steadiness. 

Of the adjustments. — The requisite adjustments are the 
following : the index and horizon-glasses must be perpen- 
dicular to the plane of the instrument, and their planes 
puallel to each other when the index division of tb& ^^Tiasst 
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IB at 0^ on the arc, and the optical axis of the telescope nmt 
be parallel to the plane of the instrament. We shall spetk 
separately of each of these adjustments. 

To examine the adjustment of the Index-glass. — ^Move the 
index forward to about the middle of the limb, then, hold* 
ing the instrument horizontally with the divided limb from 
the observer, and the index-glass to the eye, look obliquely 
down the glass, so as to see the circular arc, by direct view 
and by reflection, in the glass at the same time ; and if the? 
appear as one continued arc of a circle, the index-glass 
in adjustment. If it requires correcting, the are will appear 
broken where the reflected and direct parts of the umb 
meet. This, in a well-made instrument, is seldom the case, 
imless the sextant has been exposed to rough treatment 
As the glass is in the first instance set right hj the maker, 
and firmly fixed in its place, its position is not liable to alter, 
therefore no direct means are supplied for its adjustment 

To examine the JBorizon-glass, and set it perpendicular to 
the Plane of the Sextant. — The position of this glass is 
known to be right, when by a sweep with the index, the 
reflected image of any object passes exactly over or covert 
its image, as seen directly ; and any error is easily rectified 
by turning the small screw, i, at the lower end of the frame 
of the glass. 

To examine the Parallelism of the Planes of the im 
Glasses, when the Index is set to Zero. — This is easily a8oe^ 
tained ; for, after setting the zero on the index to zero oa 
the limb, if you direct your view to some object, the sua 
for instance, you will see that the two images (one seen hf 
direct vision through the unsilvered part of the horiioa- 
glass, and the other reflected from the silvered part) coin- 
cide or appear as one, if the glasses are correctly parallel to 
each other ; but if the two images do not coincide, tlie 
quantity of their deviation constitutes what is called the 
index error. The effect of this error on an angle measured 
by the instrument is exactly equal to the error itself; there- 
fore, in modem instruments, there are seldom any meaai 
applied for its correction, it being considered preferable to 
determine its amount previous to observing, or immediatd|f 
after, and apply it with its proper sign to each observatiQa. 
The amount of the index error may be foimd in the foUoW- 
ing manner : clamp the index at about 30 minutes to the 
left of zero, and looking towards the sun, the two imagei 
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will appear either nearly in contact, or overlapping each 
odier ; then perfect the contact, by movinff the tangent-screw, 
and call the minutes and seconds denoted by the vernier, the 
reading on the arc. Next, place the index about the same 
qnantitv to the right of zero, or on the arc of excess, and 
make the contact of the two images perfect as before, and 
call the minutes and seconds on Uie arc of excess the read- 
ing off the arc ; and half the difference of these numbers ii 
the index error ; additive when the reading on the arc of 
excess is greater than that on the limb, and subtractive 
when the contrary is the case. 

EXAMPLE. / /, 

Reading on the arc - - - 31 56 
off the arc - - 3^ 22 

Difference - - - - 34 



Index error - - «- — 17 

In this case, the reading on the arc being greater than 
that on the arc of excess, the index error, =» 17 seconds, 
must be subtracted from all observations taken with the 
instrument, until it be found, by a similar process, that the 
index error has altered. One observation on each side of 
lero is seldom considered enough to give the index error 
with sufficient exactness for particular purposes : it is usual 
to take several measures each way ; ** and half the differ- 
ence of their means will give a result more to be depended 
on than one deduced from a single observation only on each 
side of zero." 

To make the . Iam of Collimation of the Telescope parallel 
to the Plane of the Sextant, — This is known to be correct, 
when the sun and moon, having a distance of 90 degrees or 
more, are brought into contact just at the wire of the tele- 
scope which is nearest the plane of the sextant, fixing the 
index, and altering the position of the instrument to make 
the objects appear on the other wire ; if the contact still 
remains p^ect* the axis of the telescope is in proper ad- 
justment; if not, it must be altered by moving tne two 
soTBWs which fasten, to the up-and-down piece, the collar 
into which the telescope screws. This adjustment is not 
veiT liable to be deranged. 

Of the sextant, it has been said^ that it is in itaolf s^ ^od^ 
7 
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able observatory ; and it is doubtless one of the most gene- 
xally useful mstruments that has ever been contrived, h&B% 
capable of furnishing data to a considerable degree of ac- 
curacy for the solution of a numerous class of the most use- 
ful astronomical problems ; affording the means of delo^ 
mining the time, the latitude and longitude of a place, Ae; 
for which and many other purposes, it is invaluable to till 
land-surveyor as well as the navigator. 

Price, llOO to $120. 

Single Framed, 50 to 80. 

" Ebony " 35. 

Fig. 97. 



i 



l^fiJBOAOWAY. 




Pocket Sextant — (Fig. 97.) — ^This useful little mstrumeoft 
is represented in the above figure. The principle of iti 
construction and adjustment is precisely the same as the 
sextant before described ; a minute description, therefora^ 
would bo litUe more than a recapitulation of what his 
already been advanced. A is the index, which, instead rf 
being moved along the divided limb, e/, by the hand, hast 
motion given to it by a rack and pinion, concealed witUn 
the box, and turned by the milled head, B, which acts as t]^ 
tangent-screw does to the index of the large sextant. 1^ 
glasses (shown at C and D) arc within the box, by wbiob 
they are protected from injur}% and their adjustments, wbfli 
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once perfected, kept secure : so much so, that it would re- 
quire considerable violence to derange them. The horizon- 
SlasSy D, alone has a contrivance for adjustment at a and 
, both to set it perpendicular to the plane of the instru- 
ment, and to correct or reduce the index error, which, in 
tbiB instrument, had better be kept correct, as it is not so 
likely to get out of order as in the lar^e sextant, which, as 
we have before observed, seldom admits of its index error 
beinff rectified. The key, c, is formed to fit both squares at 
a and d, to make the adjustments, and it is generally tapt 
into some square place m the Instrument, as at c, that it 
may be always safe and at hand. 

It is supplied with a telescope, E, which screws into a 
shoulder-piece, E, and can be attached to the box by the 
screw G : this can be applied or not, at the pleasure of the 
observer, as there is a contrivance at H to enable him to 
observe without the telescope, if he prefers plam sights. 
Two dark glasses are placed within the. box, and there is 
also one adapted to the eye-end of the telescope. 

The angle is read off by the help of the glass, I, which 
bdng mounted with a joint, can be moved over the vernier 
on any part of the limb. The instrument is divided to 30 
minutes of a degree, and by the vernier is subdivided to 
single minutes, one half of which, or 30 seconds, can be ob- 
tained by estimation. 

The divided limb is numbered both to the right and left, 
commencing at 0^ to 120°. 

The lid of the box is contrived to screw on the bottom (as 
18 shown in the plate), where it makes a convenient hanale 
for holding the instrument. Price $35.00 to $40.00. 

jReJIectinff Circle, — (Fig. 98, next page.) — This instrument, 
in principle and use, is the same as the sextant. It has 
three vernier readings, ABC, moving round the same cen- 
tre as the index-glass, E, which is upon the opposite face 
of the inrtrament. One of the verniers, B, carries the 
damp sad tangent-screw. D represents the microscope for 
veadmg the^ verniers ; it is similar to the one used in reading 
the sextant, and is adapted to each mdex-bar, by shpping it 
on a pin placed for that purpose, as shown in the figure. 
The horizon-glass is shown at F. The barrel, G, contains 
the screws for giviag the up-and-down motion to the tele- 
scope ; it is put in action by turning the milled hfi&d.M:^4i»L 
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tbe barrel* H is the tc^lescfipCj adapted to the inBtrmnent 
in a manner similar to that of Ihe sestimt. I and J are two 
handles fixed parallel to the plane of the circle, and a thbd 
handle, K, ia screwed on at riorhl angles to that plane, and 
can be transferred to the opposite face of the instrmncBt 
by screwing it into the handle, I ; the use of this extn 
handle is for convenience in reading and in holding thtt in- 
strument, when observing angles that are nearlj^ horizontal ; 
it can be shifted, according as the face of the instrument » 
held upwards or downwards. The requisite dark glasses 
are at tech ed to the frame- work of the circle j to \:te used h 
the same manner and for the same purposes as those of tbe 
sextant. With respect to the adjnatmcnta and applicatkui 
of thb iofitrumetit^ we cannot do better than use the wonil 
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of the inyentor, Mr. Troughton, contained in a paper wliich 
he calls 

• Directions for observing with the Reflecting Circle, — ^Pre- 
pare the instrument for observation by screwing the tele- 
scope into its place, adjusting the drawer to focus, and the 
wires parallel to the plane, exactly as you do with a sex- 
tant ; also set the index forwards to the rough distance of 
the sun and moon, or moon and star ; and holding the 
circle by the short handle, direct the telescope to the fainter 
objects, and make the contact in the usual way. Now 
read off the degree, minute, and second, by that branch 
of the index to which the tangent-screw is attached ; also, 
the minute and second shown by the other two branches ; 
these give the distance taken on three different sextants ; 
but as yet, it is only to be considered as half an observa- 
tion : what remains to be done, is to complete the whole 
circle, by measuring that angle on the other three sextants. 
Therefore set the index backwards nearly to the same dis- 
tance, and reverse the plane of the instrument, by holding 
it by the opposite handle, and make the contact as above, 
and read off as before what is shown on the three several 
branches of the index. The mean of all six is the true 
apparent distance, corresponding to the mean of the two 
times at which the observations were made. 

When the objects are seen very distinctly, so that no 
doubt whatever remains about the contact in both sights 
being perfect, the above may safely be relied on as a com- 
plete set ; but if, from the haziness of the air, too much 
motion, or any other cause, the observations have been 
rendered doubtful, it will be advisable to make more ; and 
if, at such times, so many readings should be deemed trou- 
blesome, six observations and six readings may be con- 
ducted in the manner following: Take three successive 
Shts forwards, exactly as is done with a sextant ; only 
:e care to read them off on different branches of the 
index : also make three observations backwards, using the 
tame caution ; a mean of these will be the distance required. 
When the number of sights taken forwards and backwards 
is unequal, a mean between the means of those taken back- 
wards and those taken forwards will be the true angle. 

It need hardly be mentioned, that the shades, or dark- 
glasseSy apply hke those of a sextant, for making the objects 
nearly of the same brightness ; but it must be insisted on, 
7* 
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that the telescope should, on every oocasion, be xaind or 

lowered, by its proper screw, for making them perfectly wx 

The foregoing instructions for taking distances, iip]dj 
equally for taking altitudes by the sea, or artificial hoinoi^ 
they being no more than distances taken in a vertical plana 
Meridian altitudes cannot, however, be taken both bw^ 
wards and forwards the same day, because there is not 
time: all therefore that can be done, is, to observe tin 
altitude one way, and use the index-error; but even hen^ 
you have a mean of that altitude, and this error, taken (M 
three different sextants. Both at sea and land, where the 
observer is stationary, the meridian altitude ahould be 
observed forwards one day, and backwards the next, and bo 
on alternately from day to day; the mean of latitndci; 
deduced severally from such observations, will be the troB 
latitude ; but in these there should be no applicati<m of 
index-error, for that being constant, the result would in 
some measure be vitiated thereby. 

When both the reflected and direct images require to be 
darkened, as is the case when the sun's dimeter is measur- 
ed and when his altitude is taken with an artificial hoiiiOBi 
the attached dark glasses ought not to be used ; instead of 
them, those which apply to the eye-end of the telesoqM 
will answer much better; the former having their emit 
magnified by the power of the telescope, will, in proporCkm 
to this power, and those errors, be less distinct than the 
latter. 

In taking distances, when the position does not vary horn. 
the vertical above thirty or forty degrees, the handles whieh 
are attached to the circle are generally most convenient^ 
used ; but in those which incHne more to the horisontat 
that handle which screws into a cock on one side, and into 
the crooked handle on the other, will be found more appli- 
cable. 

When the crooked handle happens to be in the way of 
reading one of the branches of the index, it must be remor- 
ed, for the time, by taking out the finger-screw, whieh 
fastens it to the body of the circle. 

If it should happen that two of the readings agree with 
each other very well, and the third differs from them, the 
discordant one must not on any account be omitted, but a 
Cair mean must always be taken. 

It shoidd be stated, that when the angle is about HMj 
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degrees, neither the distance of the sun and moon, nor an 
altitude of the sun, with the sea horizon, can be taken back- 
wards ; because the dark glasses at that angle prevent the 
reflected rays of light from falling on the index-glass; 
whence it becomes necessary, when the angle to be taken is 
quite unknown, to observe forwards first, where the whole 
range is without interruption ; whereas, in that backwards, 
you will lose sight of the reflected image about that angle. 
But in such distances, where the sun is out of the question, 
and when his altitude is taken with an artificial horizon (the 
shade being applied to the end of the telescope), that angle 
may be measured nearly as well as any other ; for the rays 
incident on the index-glass will pass through the transparent 
half of the horizon-glass, without much £minution of their 
brightness. 

The advantages of this instrument, when compared with 
the sextant, are chiefly these : the observations for finding 
the index-error are rendered useless, all knowledge of that 
being put out of the question, by observing both forwards 
and backwards. By the same means the errors of the dark 
glasses are also corrected ; for, if they increase the angle 
one way, they must diminish it the other way by the same 
quantity. This also perfectly corrects the errors of the 
horizon-glass, and those of the index-glass very nearly. 
But what is of still more consequence, the error of the cen- 
tre is perfectly corrected, by reading the three branches of 
the index ; while this property, combined with that of ob- 
lerving both ways, probably reduces the errors of dividing 
to one-sixth part of their simple value. Moreover, angles 
may be measured as far as one hundred and fifty degrees, 
consequently the sun's double altitude may be observed 
when his distance from the zenith is not less than fifteen 
degre-es ; at which altitude, the head of the observer begins 
to intercept the rays of light incident on the artificial horizon ; 
and, of course, if a greater angle could be measured, it 
#ould be of no use in this respect. 

This instrument, in common with the sextant, requirea 
three adjustments. First, the index-glass perpendicular to 
the plane of the circle. This bemg done by the maker, and 
not liable to alter, has no direct means applied to the pur- 
pose ; it is known to be right, when, by looking mto the 
mdex- glass, you see that part of the limb which is next to 
you, reflected in contact with the opposite side of the limb« 
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M one eoDtiBiied are of a circle ; on the contrary, wben tin 
arc appears broken, where the reflected and direct parts of 
the bmb meet, it is a proof that it wants to be rectified. 
The second is, to make the horizon-glass perpendimlsr. 
This is performed by a capstan-screw, at the lower end of 
the frame of that glass ; and is known to be right, when, 
by a sweep of the index, the reflected image of any object 
will pass exactly orer, or cover the image of that object 
seen directly. The third adjustment is, for making the line 
of collimation parallel to the plane of the circle. This ii 
performed by two small screws, which also fasten the collsr 
mto which the telescope screws to the upright stem on which 
it Ls mounted : this is Known to be right, when the snn and 
moon, havinj^ a distance of one hundred and thirty degrees^ 
or more, their limbs are brought in contact, just at the out- 
side of that wire which is next to the circle ; and then, 
examining if it be the same, just at the outside of the other 
wire : its being so is the proof of adjustment. 

Price $150 to $200. 

Theodolite. — (Fig. 99, next page.) — ^As an angular instm- 
ment, the theodolite has from time to time received such 
improvements that it may now be considered as the most 
valuable instrument employed in surveying. Instruments 
of this kind, of the best construction, may to a certain ex- 
tent be used as altitude and azimuth instruments ; and seve- 
ral astronomical operations, such as those required for de- 
termining the time, the latitude of place, <fec., may be per- 
formed by them, and to a degree of accuracy sufficient for 
most of the purposes that occur in the ordinary practice of 
a surveyor. 

There are various modes of constructing theodolites to 
suit the convenience or the views of purchasers ; but we 
shall confine ourselves to a description of one of the most 
perfect, as a person acquainted with the details of its adjust- 
ments and use, will find no difficulty in comprehending thoss 
of others. 

Description of the Theodolite. — This instrument consists of 
two circular plates, A and B, called the horizontal limb, tha 
upper or vernier plate, A, turning freely upon the lower, and 
both have a horizontal motion by means of the vertical t^™, 
C ; this axis consists of two parts, external and internal, the 
former secured to the graduated limb, B, and the latter to 
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the vemier plate, A. Tlieir form is conical, nicely fitted 
and ground into each other, having an easy and a very steady 
motion ; the external centre also fits into a ball at D, and the 
parts are held together by a screw at the lower end of the 
memal axis. 

Tlie diameter of the lower plate is greater than that of 
the upper one, and its edge is chamfered off and covered 
irith sifyer, to receive the graduations : on opposite parts of 
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the edge of the upper plate, or 180° apart, a short space, i^ 
is also chamfered, forming with the edge of the lower plate 
a continued inclined plane ; these spaces are likewise coyered 
with silver, and form the verniers. The lower limb is usu- 
ally graduated to thirty minutes of a degree, and it is sub- 
divided by the vernier to single minutes, wbich being read 
off by the microscope, E, half or even quarter minutes can 
easily be estimated. 

The parallel plates, F and G, are held together by a ball 
and socket at D, and are set firm and parallel to each other, 
by four milled head-screws, three of which, b b b, are shown 
in the figure : these turn in sockets fixed to the lower plate, 
while their heads press against the under side of the upper 
plate, and being set in pairs, opposite each other, they act 
in contrary directions ; the instrument by this means is set 
up level for observation. 

Beneath the parallel plates is a female screw adapted to 
the staff head, which is connected by brass joints to three 
mahogany legs, so constructed that when shut up they form 
one round staff, secured in that form for carriage by ringi 
put on them ; and when opened out they make a very fim 
stand, be the ground ever so uneven. 

The lower horizontal limb can be fixed in any position, by 
tightening the clamping screw, H, which causes the collar e 
to embrace the axis, C, and prevents its moving ; but it be- 
ing requisite that it should be fixed in some precise position 
more exactly than can be done by the hand alone, the whole 
instrument, when thus clamped, can be moved any smill 
quantity by means of the slow-motion screw, I, which ii 
attached to the upper parallel plate. In like manner the 
upper or vernier plate can be fixed to the lower, in any posi- 
tion, by a clamp (in the plate this clamp is concealed trom 
view), which is also furnished with a slow motion, the screw 
of which is generally called the tangent-screw. The motion 
of this limb and of the vertical arc, hereafter to be described, 
is sometimes effected by a rack and pinion ; but this ii 
greatly inferior, where delicacy is required, to the sbv 
motion produced by the clamp and tangent-screw. 

Upon the plane of the vernier plate, two spirit-levels^ d» 
d, are placed at right angles to each other, with their propep 
adjusting screws ; their use is to determine when the hofi- 
zontal limb is set level ; a compass also is placed at J. 

The frames K and L support the pivots of the horisHitil 
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axis of the vertical arc, or semicircle, M, on which the tele- 
scope is placed. The arm which bears the microscope, KT, 
for reading the altitudes or depressions, measured by the 
semicircle, and denoted by the vernier, e, has a motion of 
several degrees between the bars of the frame, K, and can 
be moved before the face of the vernier for reading it off. 
Another arm clamps the opposite end of the horizontal axis 
by turning the screw, O, and has a tangent-screw of slow 
motion at P, by which the vertical arc and telescope are 
moved very small quantities up or down, to perfect the con- 
tact when an observation is made. 

One side of the vertical arc is inlaid with silver, and 
divided to single minutes by the help of its vernier ; and 
the other side shows the difference between the hypothenuse 
and base of a right-angled triangle, or the number of links 
to be deducted from each chain's length, in measuring up 
or down an inclined plane, to reduce it to the horizontal 
measure. The level, which is shown under and parallel to 
the telescope, is attached to it at one end by a joint, and at 
the other by a capstan-headed screw, /, which, being raised 
or lowered, will set the level parallel to the optical axis of 
the telescope, or line of collimation ; the screw, g, at the 
opposite end, is to adjust it laterally, for true parallelism in 
this respect. The telescope has two collars, or rings, of 
bell metal, ground truly cyUndrical, on which it rests ill its 
supports, h h, called Y's, from their resemblance to that 
letter ; and it is confined in its place by the clips, i t, which 
may be opened by removing the pins,^'^, for the purpose 
of reversing the telescope, or allowing it a circular motion 
itmnd its axis, during the adjustment. 

In the focus of the eye-glass are placed three lines, 
formed of spider's web, one horizontal, and two crossing it, 
80 as to include a small angle between them ; a method of 
fixing the wires which is better than having one perpendi- 
cular wire, because an object at a distance can be made to 
bisect the said small angle with more certainty than it can 
be bisected by a vertical wire. The screws adjusting the 
cross wires are show^n at m : there are four of these screws, 
two of which are placed opposite each other, and at right 
angles to the other two, so that by easing one and tighten- 
ing the opposite one of each pair, the intersection of the 
cross wires may be placed in adjustment. 

The object-glass is thrust outwards by turning the milled 
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head, Q, on the aide of the telescope, that being the 
of adjusting it to show an object distinctly. 

A brass plommet and line are packed in the box with the 
theodolite, to -suspend from a hook under its centre, hj 
which it can be placed exactly over the station from whence 
the observations are to be taken ; likewise, if required, two 
extra eye-pieces for the telescope, to be used for astrono- 
mical observations; the one inverts the object, and has a 
greater magnifying power, but having fewer glasses pos- 
sesses more light ; the other is a diagonal eye-piece, which 
will be found extremely convenient when observing aa 
object that has a considerable altitude ; the observer av<nd- 
ing the unpleasant and painful position he must assume in 
order to look through the telescope when either of the 
other eye -pieces is applied. A small cap, containing a 
dark-colored glass, is made to apply to the eye-end of the 
telescope, to screen the eye of the obser\'cr from the inten- 
sity of the sun's rays, when that is the object under observ- 
ation. A magnifying glass, mounted in a horn frame, a 
screw-driver, and a pin to turn the capstan-screws for the 
adjustments, are also furnished with the instrument. 

The Vernier. — This is a contrivance for measuring parts 
of the space between the equidistant divisions of a graduat- 
ed scale. It is a scale whose length is equal to a certain 
nunfiber of parts of that to be subdivided, depending oq 
the degree of minuteness to which the subdivision is intend- 
ed to be carried ; but it is divided into parts which in number 
are one more or one less than those of the primary sosk 
taken for the length of the vernier : in modem practice, the 
parts on the vernier are generally one more than are con- 
tained in the same space on the primary scale. 

If it is required to measure to hundredths of an inch, the 
parts of a scale which is graduated to lOths, it may be done 
by means of a scale whose length is nine tenths of an inch, 
and divided into 10 equal parts ; or by one whose length ii 
eleven tenths of an inch, and divided into 10 equal parts; 
for in either case the difference between the divisions of the 
scale so made and those on the primary scale is the hun- 
dredth of an inch. Such a scale, made to move along the 
edge of that to be subdivided, is called a vernier. By ite 
application, either to straight lines or arcs of circles, the 
subdirisions of graduated instruments are read off. 

The adjustments. — The first adjustment is that of the line 
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of collimation ; that is, to make the intersection of the cross 
wires coincide with the axis of the cylindrical rings on which 
the telescope turns : it is known to be correct, when an eye 
looking through a telescope observes their intersection con- 
tinue on the same point of a distant object during an entire 
revolution of the telescope. The usual method of making 
this adjustment is as follows : 

First, make the centre of the horizontal wire coincide 
with some well-defined part of a distant object ; then turn 
the telescope half round in its T's till the level lies above 
it, and observe if the same point is again cut by the centre 
of the wire ; if not, move the wire one half the quantity of 
deviation, by turning two of the screws at m (releasing one, 
before tightening the other), and correct the other half by 
elevating or depressing the telescope ; now if the coinci- 
dence of the wire and object remains perfect in both positions 
of the telescope, the line of collimation in altitude or depres- 
sion is correct, but if not, the operation must be repeated ' 
carefully, until the adjustment is satisfactory. A similar 
proceeding will also put the vertical line correct, or rather 
the point of intersection, when there are two oblique lines 
instead of a vertical one. 

The second adjustment is that which puts the level at- 
tached to the telescope parallel to the rectified line of colli- 
mation. The clips, ii, being open, and the vertical arc 
clamped, bring the air-bubble of the level to the centre of 
its glass tube, by turning the tangent-screw, P ; which done, 
I'everse the telescope in its Y's, that is, turn it end for end, 
which must be done carefully, that it may not disturb the 
Vertical arc, and if the bubble resume its former situation in 
£he middle of the tube, all is right ; but if it retires to one 
end, bring it back one half, by the screw/, which elevates 
or depresses that end of the level, and the other half by 
the tangent-screw, P ; this process must be repeated imtU 
the liuijustment is perfect; but to make it completely so, the 
level flliould be adjusted laterally, that it may remain in the 
middle of the tube when inclined a little on either side from 
Its usual position immediately under the telescope, which is 
effected by giving the level such an inclination, and if neces- 
sary turning the two lateral screws at g ; if making the 
latter adjustment derange the former, the whole operation 
must be carefully repeated. 
8 
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The third adjustment is that which makes the aximntliil 
axis, or axis of the horizontal limb, truly vertical* 

Set the instrument as nearly level as can be done by the 
eye, fasten the centre of the lower horizontal limb by the 
statf-head clamp, H, leaving the upper limb at liberty, but 
move it till the telescope is over two of the parallel plate* 
screws : then bring the bubble of the level under the tele- 
(B«».opt\ to the middle of the tube, by the screw P ; now turn 
the upper limb half round, that is 180°, from its former po- 
sition : then, if the bubble returns to the middle, the limb is 
horizontal in that direction ; but if otherwise, half the diflfer- 
enco must be corrected by the parallel plate-screws over 
which the telescope lies, and half, by elevating or depress- 
ing the telescope, by turning the tangent-screw of the ve^ 
tical arc : havmg done which, it only remains to turn tiie 
upper limb forward or backward 90°, that the telescope 
may lie over the other two parallel plate*screws, and by 
their motion set it horizontal. Ha\ing now levelled the 
limb-plates by means of the telescope level, which is the 
most sensible upon the instrument, the other air-bubblee 
fixed upon the vernier- plate, may be brought to the middle 
of their tubes, by merely giving motion to the screws whicii 
fasten them in their places. 

The vernier of the vertical arc may now be attended to; 
it is correct, if it points to zero when all the foregoing adr 
justments are perfect ; and any deviation in it is easily rec- 
tified, by releasing the screws by which it is held, and tightr 
ening them again after having made the adjustment; ay 
what is perhaps better, note the quantity of deviation as U 
index error, and apply it, plus or minus, to each vertkd 
angle observed. This deviation is best determined by rt- 
peating the observation of an altitude or depression in the 
reversed positions, both of the telescope and the venaer 
plate : the two readings will have equal and opposite eitori} 
one half of their difference being the index error. Such a 
method of observing angles is decidedly the best, since the 
mean of any equal number of observations taken with the 
telescope reversed in its Y's, must be free from the effects 
of any error that may exist in the adjustment of the vemier, 
or zero of altitude. 

The theodolite, as constructed in the manner we have 
described, is not inconveniently heavy, as the diameter of 
the horizontal limb seldom exceeds five inches ; but when 
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the diameter is increased, the other parts must be made 
proportionably large and strong, and the instrument becomes 
too weighty and cumbersome to be easily carried from station 
to station. The object of increasing the dimensions, is to 
enable the instrument to furnish more accurate results, by ap- 
plying a telescope of greater power, and by a more minute 
subdivision of the graduated arcs. With the increase of 
size, a small variation takes place in the construction, prin* 
dpally consisting in the addition of a second telescope, and 
in the manner of attaching the supports, K and L, to the 
horizontal Hmb, to afford the means of adjusting the hori- 
lontal axis, and of course, making the telescope and vertical 
arc move in a vertical plane. In the smaller instruments 
this is done by construction, but in the larger ones, the sup- 
ports, K and L, are attached to a stout frame, which also 
carries the compass-box, instead of being fixed, as repre- 
sented in our figure, to the upper horizontal -plate. The 
frame is attached to the Hmb by three capstan-headed 
screws forming an equilateral triangle, two of them lying 
parallel to the horizontal axis, and the third in the direction 
of the telescope ; the adjustment is made by means of these 
screws. To prove its accuracy, set up the theodolite in such 
a situation that some conspicuous point of an elevated 
building may be seen through the telescope, both directly 
and by reflection, from a basin of water, or, what is better, 
of oil or quicksilver. Let the instrument be very correctly 
levelled, and if, when a vertical motion is given to the tele- 
scope, the cross- wires do not cut the object seen, both 
dir^tly and by reflection, it is a proof that the axis is not 
horizontal ; and its correction is effected by giving motion to 
the screws above spoken of, which are at right angles to the 
telescope, or in the direction of the horizontal axis. The 
third screw, or that which is under the telescope, serves for 
adjusting the zero of altitude, or veniier of the vertical arc. 
A second telescope is sometimes attached to the instru- 
ment beneath the horizontal limb ; it admits of being moved, 
both in a vertical and horizontal plane, and has a tangent- 
aerew attached for slow motion ; its use is to detect any 
Accidental derangement that may occur to the instrument 
irhilst observing, which may be done by it in the following 
knanner. After levelling the instrument, bisect some very 
>emote object with the cross-wires of this second telescope, 
mnd clamp it firm ; if the instrument is steady, tlie bi&ect&syok 
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will remain permanent whilst anj number of angles an 
measured, and by examining the bisection from time to time^ 
during the operation at the place where the instrument ii 
set up, any error arising from this cause may be detected 
and rectified. 

Price, 5 inch, brass arches, $100.00 to $120.00. 
" 6 " silver " $125.00 
" 6 " " " $150.00 
" n " " " $250.00 to $300.00. 

r^- ^00- The Spirit Level (Fig. 100) con- 

sists of a glass tube, nearly filled 
with a liquid, spirits of wine bdng 
now used, on account of its mobility, and not being liaUe 
to freeze, the bubble of which, when the tube is placed 
horizontally, would rest indifferently in any part, if the tube 
could be made mathematically straight ; but that beinff im- 
possible to execute, and every tube having some slifflii 
curvature, if the convex side be placed upwards, the bubble 
will occupy the higher part ; such a tube firmly fastened m. 
a straight bar, and marked at two points distant by the 
length of the bubble, if so placed that the bubble shell 
occupy this interval, has one definite relation to the boriBm; 
for were it ever so little moved one way or other, the bobUe 
would shift its place, and run towards the elevated side. 

The accuracy of the indications of the level depends ine 
considerable degree on the regularity of the intenor surfiM 
of the tube. They are commonly made of glass tubes, "^ 
the same state as they are obtained from the glass -hoiM 
but when very great accuracy is required, the inside ii 
ground, to give them a regular spherical cm-vature. Til 
krger the bubble, the more freely it moves. The spirit 
level is extensively used in instruments for surveying, eel 
for astronomical and geological purposes; the glass tahe 
being inclosed in a brass case, which is cut out on the uppff 
side, so that the bubble may be seen. 

The Pocket Spirit Level. — (Fig. 101, next page.) — ^Thisei 
represents a brass pocket spirit level ; they are made fsaUk 
three to twelve inches long, are mounted on a stout hoM 
plate, having the bottom ground true, and supported by • 
small pillar at each end, on the upper part of which Ml 
two nuts, 4)etwcen which the level is supported by projeft 
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tionfl from the ends of the brass tube in which it is enclosed, 
and thus affording facilities for accurate adjustment. 

They are made sometimes with sights at each end, and 
adapted to a staff, serving for conducting small parcels of 
water, draining a field, &c. 

The adjustment of these levels is very easily proved, or 
made, by bringing the bubble in the middle, upon 
any table, or base ; if upon reversion in the same 
place precisely, the bubble keeps to the middle, 
it is adjusted ; if not, turn one of the screws at 
the end, till ic be so raised or depressed as to 
cause the bubble to stand the reversing, at the 
same time altering the inclination of the plane on 
which the level is tried. Price, $2 to $6. 



Fig. loa 



The Masons* or Carpenters' Level. — (Fig. 102.) 
— ^This spirit level is mounted in a mahogany 
gtock, or frame, usually from Fig. loi. Fig. loa. 
one to two feet long, but some- 
times as small as three inches ; 
the glass tube is simk in the 
wood, and cemented fast ; a 
•tout brass plate covering the 
wood around, leaving a long 

rrture through which to view 
bubble ; occasionally the 
ends of the wood are capped 
with stout brass, to prevent 
ireor. 

They are made sometimes 
with sights, for the purpose of 
t^hting through for levelling 
long distances. 

Price, 88cts. to $1.50. 

The Level and Plumb. — (Fig. 
103.) — ^This is made similar to 
the last, with the addition of a 
cross level, for which the stock 
la made a little wider ; the cross 
level is enclosed in a tube and 
Hccurately fixed in the stock, 
■ a large circular or semi- 
8* 
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circular hole for viewing the bubble ; when placed againsi 
a wall, post, or the like, will indicate if it is plumb, or not 
This is a valuable instrument for masons, carpenters, mill- 
wrights, (fee, for setting their work perpendicular, with more 
expedition than the plumb-bob and string. 

Price, $2.00. 

Common Surveying Level. — The annexed cut (Fig. 104) 
is a representation of a spirit level of a plainer construction 
than those that we shall describe, and tliough not having 
the accuracy of the Y levels that are used by engineers, yet 
will answer an ordinary purpose in the construction of 
ditches, mill-seats, &c. The telescope is from twelve to 
fourteen inches long, having adjusting tubes, and cross 
hairs within, and is attached to a strong brass bar by screws 
that have adjusting nuts ; the level is attached to the tele- 
scope with the usual adjustments, and beneath the bar a 
socket with a milled -head screw, for the purpose of firmly 
mounting on the staff. Price, $12.00. 

Fig. 104. 




The T Spirit Level, — (Fig. 105,) on the following page, 
represents this instrument ; it has an achromatic teieacoft 
mounted in Y's like those of the theodolite, and is furnished 
with a similar system of cross wires for determining the aiv 
of the tube, or line of collimation. By turning the milled- 
headed screw. A, on the side of the telescope, the intemd 
tube, a, will be thrust outwards, which carrying the object- 
glass, it is by this means adjusted to its focal distance, so 
as to show a distant object distinctly. 

The tube, c c, carrying the spirit-bubble, is fixed to tiij 
under side of the telescope by a joint at one end, and -<| 
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capstan-headed screw at the other, which sets it parallel to 
the optical axis of the telescope; at the opposite end is 
another screw, e, to make it parallel in the direction side- 
Ways- One of the Y's is supported in a socket, and can be 
nised or lowered by the screw B, to make the telescope 
perpendicular to the vertical axis. Between the two sup- 
ports is a compass-box, C, having a contrivance to throw 
the magnetic needle off its centre when not in use; it is 
oonvenient for taking bearings, and is not necessarily con- 
nected with the operations of levelling, but extends the use 
of the instrument, making it a circumferentor. The whole 
18 mounted on parallel plates and three legs, the same as 
the theodolite. 

It is evident, from the nature of this instrument, that 
flliee adjustments are necessary. First, to place the inter- 
leetioin of the wires in the telescope, so that it shall coincide 
irith the axis of the cylindrical rings on which the telescope 
turns ; secondly, to render the level parallel to this axis ; 
ttid lastly, to set the telescope perpendicular to the vertical 
txis, that the level may preserve its position while the 
- instrament is turned quite round upon the staves. 

To adjust the Line of Collimation. — ^The eye-piece being 
^wn out to see the wires distinctly, direct the telescope to 
tnj distant object, and by the screw, A, ad^\ist \a ^^<^\* 
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vision ;* bring the intersection of the cross wires to coincide 
with some well-defined part of the object, then turn the 
telescope round on its axis as it lies in the Y's, and obserfe 
whether the coincidence renuuns perfect during its revdo- 
tion; if it does, the adjustment is correct; if not, the wires 
must be moved one-half the quantity of error, by turmng 
the little screws near the eye-end of the telescope, one of 
which must be loosened before the opposite one is tightened, 
which, if correctly done, will perfect this adjustment. 

To set the Level parallel to the Line of Collimaticn.-^ 
Move the telescope till it lies in the direction of two of the 
parallel plate-screws, the clips which confine the telescope 
in the Y's being laid open, and by giving motion to the 
screws, bring the air-bubble to the middle of the tube, 
shown by the two scratches on the glass. Now reverse the 
telescope carefully in its Y's, that is, turn it end for end; 
and should the bubble not return to the centre of the level 
as before, it shows that it is not parallel to the optical 0X18, 
and requires correcting. The end to which the bubble 
retires must be noticed, and the bubble made to return one- 
half the distance by the parallel plate-screws, and the other 
half by the capstan-headed screw at the end of the level, 
when, if the halves have been correctly estimated, the air 
bubble will settle in the middle in both positions of the tele- 
scope. This and the adjustment for the collimation gene- 
rally require repeated trials before they are completed, on 
account of the difficidty in estimating exactly half the 
quantity of deviation. 

To set the Telescope perpendicular to the Vertical Asm, — 
Place the telescope over two of the parallel plate-screwib » 
and move them, unscrewing one while screwing up the 
other, until the air-bubble of the level settles in the middle 
of its tube ; then turn the instrument half round upon the 
vertical axis, so that the contrary ends of the telescope may 
be over the same two screws, and if the bubble again setdee 
in the middle, all is right in that position ; if not, half the 

* The eye-piece must first be drawn out until the cross wires an 
perfectly well defined, then the object-glass moved till diitiilBt 
vision is obtained without parallax, which will be the case, i( on 
looking through the telescope at some distant object, and moving tbs 
eye sideways before the e^e-glass, the object and the wires remsSB 
Steadily in contact ; but if the wires have any parallax, the object 
will appear flitting to and from them* 
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error must be corrected by turning the screw, B, and the 
other half by the two parallel plate-screws over which the 
telescope is placed. Next turn the telescope a quarter 
round, that it may lie over the other two screws, and make 
it level by moving them, and the adjustment will be 
complete. 

Before making observations with this instrument, the 
adjustments should be carefully examined and rectified, 
after which the screw, B, shoidd never be touched; the 
parallel plate-screws alone must be used for setting the 
mstrument level at each station, and this is done by placing 
the telescope over each pair alternately, and moving them 
until the air-bubble settles in the middle. This must be 
repeated till the telescope can be moved quite round upon 
the staff-head, without any material change taking place in 
the bubble. 

A short tube, adapted to the object-end of the telescope, 
will occasionally be found useful in protecting the glass 
from the intensity of the sun's rays, and from damp in wet 
weather. Price, |80 and $100. 

TroughtovCs Level, — (Fig. 106.) — The telescope, A B, 
rests upon the horizontal bar, a b, which turns upon the 
staff-head (similar to the one employed in the Y level and 
the theodolite). On the top of the telescope, and partly 
imbedded within its tube, is the spirit-level, c d, over which 
k supported the compass-box, C, by four small pillars ; thus 
admitting the telescope to be placed so close to the horizon- 
tal bar, a h, that it is much more firm than in the former 
instrument. The bubble of the level is sufficiently long for 
its ends to appear on both sides of the compass-box ; and 
it is shown to be in the middle by its coinciding with scratches 
made on the glass tube as usual. 

The wire plate (or diaphragm) is generally furnished with 
three threads, two of them vertical, between which the 
station-staff may be seen ; and the third, by which the ob- 
servation is made, is placed horizontally. 

The telescope is generally constructed to show objects 
myerted ; and as such a telescope requires fewer glasses than 
one which shows objects erect, it has the advantage in point 
of brilliancy ; and when an observer is accustomed to it, the 
apparent inversion will make no difference to him. A diago- 
nial eye-piece, however, generally accompanies the inails^ 
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ment, and by it objects can be seen in their natiiral podtbo. 
A cap is adapted to the object-end of the telescope, to 
screen the glass from the rays of the sun, or from the nmt 
when the cap is used, it should be drawn forwards as mnA 
as possible. 

The requisite adjustments for this instrument are thl 
same as those of the Y level ; viz. that the line of coDbnir 
tion and the level be parallel to each other, and that At 
telescope be exactly perpendicular to the vertical axis ; off 
in other words, that the spirit bubble preserve its positioB 
while it is turned round horizontally on the staff-heao. Th 
adjustment of the level is eflPected by correcting half ilbB 
observed error by the capstan -screws, e, /, which attach tkt 
telescope to the horizontal bar, and the other half by Ai j 
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. plcite-screws : the capstan-screws, e, /, have brass 
to defend them from injury or accidental disturbance, 
nit their adjustment when necessary, 
spirit level itself has no adjustment, being firmly 
its cell by the maker, and therefore the line of col- 
i must be adjusted to it, by means of two screws, 
3 eye-end of the telescope ; the manner of doing this 
lows : — Set up the instrument on some tolerably level 
ground, and, after levelling the telescope by the 
plate-screws, direct it to a staff held by an assistant 
! distance (from ten to twenty chains^ ; direct him by 
to rabe or depress the vane, until its wire coincides 
e horizontal wire of the telescope (or central division 
micrometer scale): now measure the height of the 
)f the telescope above the ground, and also note the 
)f the vane on the staff ; let, for example, the former 
feet and the latter six, their difference shows that 
»und over which the instrument stood is two feet 
than where the staff is placed. Next make the 
ent and staff change places, and observe in the same 
as before, and if it gives the same difference of level, 
rument is correct ; if otherwise, take half the differ- 
tween the results, and elevate or depress the vane 
lantity, according as the last observation gives a 
or less difference than the first. Again, direct the 
•e to the staff, and make the coincidence of the hori- 
nre and that on the vane perfect, by turning the 
ion screws. Price, $100. 

ling Staves. — (Fig. 107.) — ^A mahogany ^^- ^^• 

)ut 12 feet long, and two inches wide, 

)d into feet and hundredths. A target 

8, about 8 inches square, or round, 

1 the rod, by means of a brass box, on 

k, having a spring to give ease and 

ty to the movement ; on the face of the 

i an aperture, over the divisions of the 

ing a vernier, which reads to thousands 

t. The face is varnished in sectors of 

i colors, as white and black, affording 

iistinct dividing line to the observer. 

cord is fastened to the upper part of 

, on one side, and is carried around ihft'wYii^'NftT^^ 
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of the rod, passing through pulleys in the ends, and is at- 
tached to the lower part of the box. By means of this coid 
the target may be moved up or down, when out of the 
reach of the vane man. Price, $5.00 to $8.00 eacL 

Portable Levelling Staves. — Two mahogany station-staTBi 
generally accompany the spirit-level ; they consist of two 
parts, capable of being drawn out when considerable length 
is required. They are divided into feet and hundredths, or 
feet, inches, and tenths, and have a sliding-vane, with a wire 
placed across a square hole in the centre, as shown in 
Fig. 107 : this vane being raised or lowered by the as- 
sistant, uniil the cross-wire corresponds with the horixontal 
wire of the telescope, the height of the wire in the vane, 
noted on the stafif, is the height of the apparent level above 
the ground at that place. 

When both the staves are used, they should be set up at 
equal distances on each side of the spirit level : the difference 
of the heights of their vanes will be the absolute difference 
of level between the two stations. But when one staff onl^ 
is employed, the difference between the height of the vane 
and the height of the centre of the telescope of the instra- 
ment, will be the apparent difference of level, which, if the 
distance between the staff and instrument is great, reqnirei 
to be corrected for the curvature of the earth. 

Price, $5.00 to $8.00 eacL 

f i«- loa Angle Meter, or Lai 

for Slopes.— {F\g. 108.)- 
This level, used for mei- 
suring the angle of strati 
in mines, geological fomt- 
ations, and any indinalkv 
or slope, consists of a stoik 
brass plate, about 6 inchfli 
long, jointed at one eo^ 
to another plate, haying • 
level at the side, and httf 
ing a graduated are elfc* 
tached to the lower 




and moving in a slide on the back of the level plate, and aw 
jointed for portability. In use the lower plate is placed 4 
the slop^ and the jointed plate moved till the bobble of .1^ 
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level stands in the middle of the opening, tbe angle being 
shown on the divided arc. 

Price, 16.00 and $8.00. 

Dipping Nttdle. — ^The Fij. loa 

dippmg needle (Fig. 109) 

is nsoally a flat oblong 

niece of steel, about 6 in. 

Kmg, accurately centred, 

and balanced previous to i 

being magnetized, and i 

having a slender cylin-l 

drical axis, fixed at right i 

snffles through its centre, 

and moving freely on its 

supports. The mounting 

consists of a brass plate, 

nipported by three screws. 

In the centre of this brass 

plate is another, concen- 
tric with the former, and 
movable round a centre- 
|iin, like the movable plate 
(tf a theodolite. To this 
plate are attached two levels, the one placed at right an- 

fles to the other, and used to adjust the plate horizontally. 
bur pieces of brass support the circular case of the dipping 
needle, the two faces of which are of plate ^lass, within 
irhich two straight bars of brass are firmly fixed across in a 
horizontal direction; other two brass pieces are fixed by 
acrews to the centre of the bars, and carry two finely polished 
Iilanea of agate, on which the axis of the needle rests, and 
^pcm which it turns with very little friction. There is a 
Qontrivance inside the box, connected with a small knob 
ontsde. by which the observer can lift, by means of Y's, 
the needle from the agate plates, or lower it upon them at 
nleanire ; the Y's being carefully adjusted so as always to 
Nave the axis of the needle on the same part of the i^;ate 
^luieis and in the centre of the graduated circle, and m>m 
■^ irluch Sfadnated circle, the angle the needle makes with 
-' the honicm is indicated ; this circle is usually divided to 
^ Mr or quarter degrees, and there is sometimes a vernier 
a^- **tifflhpi1 ttr thir tntl nf ^'-^ *>^>^^^ "^^ '^'■^ *> ^^au.^^\ — 
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icope attached to the rim of the glass face, movable so si 
to be easily placed on any part of it, for the purpose of 
reading off the dip with greater accuracy. 

To use the instrument, set the graduated rim in the plus 
of the magnetic meridian by means of a common eompsfli» 
levelling it by means of the screws of the stand. 

Price, $40.00 to $50.00. 

f*«- ""• The Goniometer,'-{Fig, 

# 4 110) — A.n instrument fcr 

^^■^^^^^^ measuring angles, and mora 

^^^^^^^^^^^^ particularly the anffles form- 

^^T % ^^^ ed hy the faces of ciystsk 

^m^^^ %^ ^^k The common TOniometer 

^■^^■■■IQBHH^B consists of a pair of sted 

^^^^^^^^BH^^^^^ blades moving on a centre, 

^1^ as shown in the cut; the 

^^ edges, a a, are carefully ad- 

^^ justed to the faces of the 

crystal, whose inclination to each other it is reqiured to is- 

certam; and then the instrument being applied to the 

divided semicircle, the angle contained is at once read off 

An approximate measurement, within one or two degrees, 

can be easily obtained by this instrument, provided the planes 

of the crystal be tolerably perfect, and lar^e enough for the 

purpose. Price, $3.00 to $5.00. 

Fig. 111. WoUaston's Reflecting Goniometer,^ 

(Fig. 111.) — The reflecting goniometer 
is a very superior instrument, its indica- 
tions being correct within the fraction of 
a degree; it is applicable also to the 
measurement of the angles of cirstali 
of very small size, the only conmtiODi 
required, being, that their planes be 
smooth and brilliant. It consists of • 
brass circle, a, graduated oa the edjjei 
and furnished with a vernier, s, by which 
the divisions may be read accurately to minutes. The fink 
moves in a vertical plane, and is supported on a stand* The 
axis of the circle is a hollow tube, within which is a smaller 
axis, fitting so tightly that when tui*ned round it carries the 
pther axis, and consequently the wheel, along with it» ~'^~^ 




{ 



SUBYBTINO INSTRUMENTS. 00 

the latter is purposely prevented from moving. The interior 
aiis is fumished with a milled-head, c, and the exterior with 
a milled-head, b, also ; so that when the head, c, is held 
and the other turned, the circle may he moved independent- 
ly of the smaller axis ; and when the outer one, b, is held, 
and the inner one, c, turned, the smaller axis may he turned 
independently of the circle. Attached to the end of the 
smaller axis is a sort of universal joint, d, capable of beings 
fixed in different positions. The crystal to be examined is 
attached to the joint at f, by a little soft wax, and placed 
80 that its edge shall be parallel to the axis of motion ; 
which adjustment is obtained by placing it so that the image 
of some horizontal object, as the bar of a window, succes- 
sively reflected from the two faces of the crystal, coincides 
with another horizontal line seen by direct vision. When 
this adjustment has been made, the instrument is turned till 
the horizontal object is seen reflected from one of the faces. 
The smaller axis is then held fast, and the other turned till 
the index of the vernier points to the zero of the graduated 
limb. The circle is then turned round, along with the 
smaller axis, till the same object is seen in the same position, 
by reflection from the other face of the crystal ; when the 
arc passed through by the circle is obviously the supplement 
of the angle formed by the two faces of the crystal. In 
order, however, to avoid calculation, the supplements of the 
angles are marked on the limb, so that the angle to be 
measured is read off immediately. Price, $20.00. 

The Artificial Horizon, — ^When the altitude of a celestial 
object is to be taken at sea, the observer has the natural, 
or sea horizon, as a line of departure ; but on shore, he is 
obliged to have recourse to an ai-tificial one, to which his 
observations may be referred : this consists of a reflecting 
plane, parallel to the natural horizon, on which the rays of 
the sun or other objects falling, are reflected back to an eye 
placed in a proper position to receive them ; the angle 
between the real object and its reflected image being then 
measured with the sextant, is double the altitude of the 
object above the horizontal plane. 

various natural, as well as artificial, reflecting surfaces 
have been made by mechanical arrangements, to afford the 
means of obtaining double angles ; such as pouring water, 
oils treacle, or other fluid substances into a shallow vessel ; 
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and to prevent the wind giving a trexnnloiu motion to its 
surface, a piece of thin gauze, talc, or plate-glaaa, whose 
surfaces are p<^ifectly plane and parallel, may be placed 
over it, when used for observation. But the most accunts 
kind of artificial horizon is that in which fluid quicksiher 
forms the reflecting surface, the containing vessel being 
placed on a solid basis, and protected from tne influence d 
the wind. The adjoining figure (No. 112) represents sn 
Fig. nz instrument of this kind. Tlie meitmj 

is contained in an oblong wooden trough, 
placed under the roof A, in which are 
fijced two plates of glass, whose surfocei 
are plane and parallel to each other. 
This roof effectually screens the suiface 
of the metal from being agitated by the wind, and when it 
has its position reversed at a second observation, any error 
occasioned by imdue refmction at either plate of glass will 
be corrected. Price, $20.00 and $26.00. 




Fig. iia 




Another and more portable contrivance 
for an artificial horizon, is represented in 
the annexed figures, which consists oi a 
circular plate of black glass, about two 
inches diameter, mounted on a bran 
stand, half an inch deep, with three foot 
screws, a & c, to set the plane horizontal; 
the horizontality being determined thus 
by the aid of a short spirit-level, d, bar- 
ing under the tube a face ground plane, 
on wliich it lies in contact with the re- 
flecting surface ; place the level on the 
glass, in a direction parallel to the line 
joining two of the three foot-screws, aa 
a and 6, then move one of these screws 
till the bubble remains in the nuddle of 
the tube, in both the reversed positaona 
of the level, and the plate will be hori- 
zontal in that direction ; then place the 
level at right angles to its former posi- 
tion, and turn the third foot-screw oack 
or forwards till the bubble again settles 
in the middle of its tube« the former 
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leTelliiig remaining undisturbed, and the plane will then be 
horizontal. Price, |6.00 to $10.00. 

When an artificial horizon is used, the observer must 

Slace himself at such a distance that he may see the re- 
ected object as well as the real one; then, having the 
sextant properly adjusted, the upper or lower limb of the 
Slinks image supposing (that the object) reflected from the 
index-glass, must be brought into contact with the opposite 
limb of the image reflected from the artificial horizon, ob- 
serving that when the inverting telescope is used, the upper 
limb will appear as the lower, and vice versa; the angle 
shown on the instrument, when corrected for the index- 
error, will be double the altitude of the sun's limb above 
the hoiizontal plane; to the half of which, if the semi- 
diameter, refraction, and parallax be applied, the result 
will be the true altitude of the centre. 



ASTRONOMICAL INSTRUMENTS. 



GLOBES. 



JSii/htixn i/ic.h irlijlhi^f or the 5ofi>/y for the DifftuUm cf 
Vstjul KuvwUo'/e. — ^Fig. 115, next page.) — ^In these globa 
iin tnJeavor has bHvn made to combine a degree of accu- 
racy, such as is only possesai*^! by the best modem maps, 
with ihtj lowest price at which excellence can be attained. 
The terrestrial gUbe has been compiled from the most recent 
ge(.>graphical surveys, with the aid of the accounts given by 
the best travellers; and there is annexed on the IS-inch 
globe a table of the population of the different comitries in 
the world, compiled from the latest official returns, and, 
where these are wanting, the best authorities which could 
be obtamed by Mr. G. S. Brent, Fellow of the Statistical 
Society of Loudon. 

The astronomical information which has been supplied 
of late years upon the position and nomenclature of the 
fixed stars, has rendered a perfectly new celestial globe a 
most desirable acquisition to the student of astronomy. 
The labors of Piazzi, Bradley, Lacaille, Johnson, «tc., in de- 
termining the places of the stars, and those of Baily in the 
correction of their nomenclature (in the new edition of the 
" British Catalogue"), have been carefully consulted in the 
celestial globe which is now advertised. The stars in the 
northern hemisphere are all which are given by Piazzi, with 
the addition of such of Bradley's (from the Tabulae Regio- 
montanae) as arc not in Piazzi. The stars in the southen 
hemisphere comprise all those given by Lacaille and Johnson. 
The magnitude of each star is that by which it is designated 

the catalogue from which its place is taken : a^ the 

rwl orders of magnitude are so distinguished from aaoh 

^tobe read, after a \\U\e i^xaic^^, Vv^^^^^^sKr 
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Fig. 111. 
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pgity of counting the number of points in the star-figure. 
18 double and multiple stars have been marked from the 
italogues of Sir W. Herschel and Sturve, and Flamsteed't 
imbtte have been annexed as they «iaxid va ^.*%mSc<j'% 



104 BCW. PIX£*«, ItL, DBMrUPTXTB CATALOGUB. 

edition r>f the " Brituh Caulogoe ; ** which work Ihm ibo 
been followed in the omUAion of all letters except thoie 
mhWn ftTH fonnd in Baver*s maps. Ail the podtkxis hare 
been brought up to 1%50. 

The fi^ire« of the eoostellations are printed trota different 
plate* and in a distinct color from that of the more impdlt- 
ant partft. 

Price, cm high mahogany frames, the pair. t78.00. 
" ' " and com- 
passes, the pair, - t85.00. 

TlirU^'inek Globes. — ^The arUficial globe is a ronnd bod? 
or Aphere, having on ita surface a map of the earth, or of 
the celestial constellations, as delineated, with the principal 
circles of the sphere. In the former case it is called the 
terr«;htrial — in the latter, the celestial globe.— {See Figs. 116, 
opponiU: pa^e.) — Artificial globes are used for the purpose of 
corivr;yin|^ to young persons the first ideas of the figure and 
rotatirm of the earth, of latitude and lon^tude, and the 
situation of places with respect to each other, and to the 
sun at the different seaik-jus of the year. It is usual to 
employ them also for the purpfjse of solving mechanicallr a 
few elementary problems of astronomy, reUtive to the iif- 
ferencf* of the hour of the day at different places ; the 
timeK r>f t)ie rising and setting of the sun ; the limits of the 
vihibility of eclipses, etc. 

The fundamental parts of these instruments which are 
common to iKith, are, first, the two poles whereon the 
globf is supporU;d, representing those of the world; second, 
the brazen meridian, which is divided into degrees, and 
passes through the poles ; third, the wooden horizon, 
whose upper side represents the real horizon, and is divided 
into several circles; fourth, a brass quadrant of altitude; 
fifth, two hour circles, one moving round each pole as a 
centre, and divided into twice twelve hours, to indicate 
those of the day and night. The best globes have also a 
magnetic compass attached to the frame. Upon the surface 
of the globes arc depicted the lines of latitude and longi- 
tude, the equator, ecliptic, tropics, and polar circles. 5n 
one globe, in addition to these, are the various countries* 
seas, etc., of the world ; and on the other, the stars in their 
relative positions. 




price, the pair. 



I2S.00. 



with high mahogany frames, $35 00 



and compasses, 
10 inch, - 



*40,00, 
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FJg. 117. Fig. IML 





Fig. 119. 
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Globes with Inclined Axis, on neat Mahogany jBoies.— -(See 
Fig. 117, as above.) 

9 in. globes, terrestrial and celestial, the pdr, $16.00. 

6 in. globes, terrestrial and celestial, the pair, 

8 in. globes, terrestrial and celestial, the pair, 

5 in. globes, terrestrial and celestial, the pair, 

5 in. terrestrial globe, - - - - 

3 in. terrestrial globe, - - - - 

5 in. terrestrial globe, with moon attached, - 



Y.60. 
8.50. 
2.50. 
1.25. 
0.76. 
2.00. 



Small Globes, with Brass Meridian and Borkon. — (Fig. 
118, as above.) 

6 in. terrestrial globe, - - . • $ 1,50. 

3 in. terrestrial globe, - - - - $ 2.00. 

Altitude or Globe Quadrant (Fig. 119, as above,) coneifltf 
of a thin, flexible strip of brass, movable at one ena, aroimd 
a joint in the lower part of a square head, which is furnished 
with a tangent screw. Its use is, that when fastened on to 
the brazen meridian of an artificial globe, it shall indicate 
the relative position of places, and other purposes connected 
with that part of geography commonly called the use of 
the globes. The strip of brass is graduated from ^ero to 
90°, and the size of the instrument must be accordant 1 
size of the globe with which it is to be used. 

Price, 12 in. or 13 m.. 
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The ArndUary 5jpAer».--(F]g8. 120 and 121, Dage 109.^ 
•'-Of the inatroments contrived to elucidate the elements of 
aatronomy, none imprint so clearly on the mind the nature 
and use of those circles which astronomers have supposed 
to be applied to the concave sphere of the heavens, as the 
armillary sphere. 

K the circumference of a circle be turned about its diame- 
ter as an axis, it will generate in its motion the surface of a 
globe or sphere. 

And the centre of the circle will be the centre of the globe. 

All straight lines reaching from the centre of a globe to 
its surface are equal. 

Every straight line that goes through the centre of a 
sphere, and is terminated at both ends by the surface, is a 
dliameter. 

Tlie diameter about which any sphere turns is its axis. 

The extremities of such diameter or axis are its poles. 

On the surface of a globe or sphere several circles may 
be described ; those circles, whose centre is the same with 
the centre of the globe, are called by way of distinction 
great circles ; these divide the sphere into two equal parts. 
The angular distance of two points situated on the surface 
of the sphere, is measured by the arc of a great circle 
intercepted between them. 

Lesser circles divide the sphere into two unequal parts. 

The sphere before you, by its real circles, senes to re- 
present, and will enable me to explain to you those imagina- 
ry circles by which astronomers divide the heavens into the 
same parts or portions as you see these circles divide the 
sphere. If your eye could be placed in the centre of this 
sphere, you would see its circles upon or against those very 
points of the heavens where the imaginary circles of the 
astronomers are supposed to be situate. It is called armil- 
lary, because it consists of a number of rings of brass, called 
by the Latins armillse, from their resembling bracelets or 
rings for the arms. 

There are six great circles of the sphere : the horizon, 
the meridian, the equator, the ecliptic, the equinoctial colure, 
and the solstitial colure. 

The sphere is sustained in a frame, on the top of which 
is a broad circle representing the horizon, which represents 
that imaginary circle which bounds or terminates the view 
of the spectator, dividing the sphere mlo two e^^afii '^<KiXak\ 
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that which is ahove the horizon is called the upper or Tuible 
hemisphere; that which is below, the lower or inTisible 
hemisphere. When the sun, moon, or stars, descend below 
this circle, we say they are set ; on the contrary, when they 
appear above it, we say they have risen. 

On the broad circle, representing the horizon, are marked 
the thirty -two points of the manner's compass ; the east, 
west, north, ana south points, are principally to be regard- 
ed ; these are called cardinal points. 

On the inside of the horizon are two notches for receivings 
a strong brass circle representing the meridian. 

It is suspended on two pins, at two opposite points of 
the meridian ; these pins are a continuation of the axis of 
the sphere both ways, and as the sphere turns round upon 
them, they are considered as poles, and are called, one the 
north, the other the south pole. 

The equator is that circle which goes round the sphere 
exactly in the middle between the two poles. 

The ecliptic is that circle which crosses the equator ob- 
liquely ; it is divided into twelve parts, each of which consists 
of thirty degrees. 

The equinoctial colure is the great circle which passes 
through those two points of the equator that are intersected 
by the ecliptic. 

The solstitial colure is the other great circle at right 
angles to the equator. 

There are four lesser circles of the sphere, two tropics, 
and two polar circles ; these four circles are all parallel to 
the equator. 

The tropic of Cancer is the parallel which is on the north 
side of the equator, and 23^ degrees distant therefrom. 

The tropic of Capricorn is situate on the south side of the 
equator, and also 23| degrees distant therefrom. 

The two polar circles are at the same distance from the 
two poles that the tropics are from the equator, that is, 
twenty-three degrees and a half. 

That towards the north pole is called the arctic circle, 
that towards the south pole, the antarctic circle. 

The point in the heavens which is directly over the head 
of the spectator, is called the zenith. The point which is 
directly under his feet, is called the nadir. 

To rectify the Sphere, elevate the pole till the same num- 
ber of degrees is above the plane of the horizon, as the p(d« 
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lerelliiig remaining undisturbed, and the plane will then be 
horizontal. Price, |6.00 to $10.00. 

When an artificial horizon is used, the observer must 

Slace himself at such a distance that he may see the re- 
ected object a« well as the real one; then, having the 
•extant properly adjusted, the upper or lower limb of the 
sun^s image supposing (that the object) reflected from the 
index-glass, must be brought into contact with the opposite 
limb of the image reflected from the artificial horizon, ob- 
serving that when the inverting telescope is used, the upper 
limb will appear as the lower, and vice versa; the angle 
shown on the instrument, when corrected for the index- 
error, will be double the altitude of the sun's limb above 
the hoiizontal plane; to the half of which, if the semi- 
diameter, refraction, and parallax be applied, the result 
will be the true altitude of the centre. 

9* 
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and to prerent the wind giving a trexnnloiu motion to ill 
surface, a piece of thin gauze, talc, or plate-glass, whose 
surfaces are p<^ifectly plane and parallel, may be placed 
over it, when used for observation. But the most aceurats 
kind of artificial horizon is that in which fluid quicknlTer 
forms the reflecting surface, the containing vessel being 
placed on a solid basis, and protected from the influence of 
the wind. The adjoining figure (No. 112) represents an 
Fig. 112. instrument of this kind. The meremj 

is contained in an oblong wooden trough, 
placed under the roof A, in which are 
fixed two plates of glass, whose sur&ees 
are plane and parallel to each other. 
This roof effectually screens the surface 
of the metal from bemff agitated by the wind, and when it 
has its position reversed at a second observation, any error 
occasioned by imdue refraction at either plate of glass will 
be corrected. Price, $20.00 and $25.00. 




Fig. iia 




Another and more portable contrivance 
for an artificial horizon, is represented in 
the annexed figures, which consists of a 
circular plate of black glass, about two 
inches diameter, mounted on a brass 
stand, half an inch deep, with three foot 
screws, a 6 c, to set the plane horizontal; 
the horizontality being determined thus 
by the aid of a short spirit-level, d, hav- 
ing under the tube a face ground plane, 
on which it lies in contact with the re- 
flecting surface ; place the level on the 
glass, in a direction parallel to the line 
joining two of the three foot-screws, as 
a and 6, then move one of these screws 
till the bubble remains in the nuddle of 
the tube, in both the reversed positionB 
of the level, and the plate will be hori- 
zontal in that direction; then place the 
level at right angles to its former posi- 
tion, and turn the third foot-screw oack 
or forwards till the bubble again aettles 
in the middle of its tube, the fonner 
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lerelHiig remaining undisturbed, and the plane will then be 
horizontal. Price, $6.00 to $10.00. 

When an artificial horizon is used, the observer must 

Slace himself at such a distance that he may see the re- 
ected object a« well as the real one; then, having the 
•extant properly adjusted, the upper or lower limb of the 
snn^s image supposing (that the object) reflected from the 
index-glass, must be brought into contact with the opposite 
Umb of the image reflected from the artificial horizon, ob- 
serving that when the inverting telescope is used, the upper 
limb will appear as the lower, and vice versa; the angle 
shown on the instrument, when corrected for the index- 
error, will be double the altitude of the sun's limb above 
the hoiizontal plane; to the half of which, if the semi- 
diameter, refraction, and parallax be applied, the result 
will be the true altitude of the centre. 

9* 
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The motions are carried on by a tnun of wheel-wovk oon- 
cealed in the brass box, under the ecliptic. 

In the centre of the system is the sim, placed in th« 
heavens by that Almighty Power, who said, "Let there be 
light, and there was light," to be the fotmtain of light and 
heat to all the planets revolving round him. 

The nearest planet to the sun is Mercury ; observe the 
part of the ecliptic he is at, and also the place where the 
earth is situate. I now turn the handle, Mercury is anived 
at the place from whence he set out, and our earth has gone 
over 88 days of the ecliptic ; the velocity we here g^ve the 
planet is inconsiderable, but in his course in the heavens he 
IS supposed to move with a velocity equal to 100,000 miles 
in an hour. 

Ventis is the next planet in the system ; in the heavens 
she is distinguished by the superiority of her lustre, appear- 
ing to us the brightest and largest of all the planets. By 
observing her course through the ecliptic, and comparing it 
with the days passed over by the earth in the same time, 
you will find, in the instrument, Venus revolving round the 
sun in 225 days ; in the heavens she moves at the rate of 
80,955 miles in an hour. 

The third planet in the solar system is the Earth ; dimi- 
nutive as it appears before you in this instrument, its real 
diameter is near 8000 miles ; it revolves round the sun in 
the space of 365 days, into which number the brazen eclip- 
tic is divided ; this revolution constitutes our year, while iti 
revolution round its axis forms day and night. 

The little ball, close and annexed to the earth, represents 
the Moon, 

The planet Mars is the next in order, being the firrt 
above the earth's orbit ; he revolves round the sun in about 
686 days ; so that our earth, as you will observe by the 
instrument, goes nearly twice round, while he is performing 
his revolution ; he is supposed to move at the rate of 55,788 
miles in an hour. To this planet our earth and moon will 
appear like two moons, sometimes half or three quarten 
illuminated, but never full. 

Jupiter, the largest of all the planets, is next beyond 
Mars ; and our earth must have gone nearly twelve times 
round the ecliptic for one revolution of Jupiter ; yet so for 
is its path removed from the sun, that to go round it in 
ibis Mpace of time, it moves at the rate of 30,198 milei an 
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lionr. It 18 attended by four satellites, represented hj four 
balls ; they are invisible to the naked eye, but appear beau* 
tiful through a telescope. 

ScUum, the next planet, is still higher in the system, 
performing its circuit in about thirty years of our time ; it 
moves at the rate of 22,298 miles an hour ; it is accompa- 
nied by seven satellites, and a lai^e luminous ring. 

Chorgium Sidus, or Herschel, is the seventh planet in our 
system ; it is nearly twice the distance of Saturn from the 
Bun, roimd which it revolves in about 90 years ; its diame- 
ter is 34,170 miles, and it is accompanied by six satellites. 

Price, $50. 

ng.123. 




Improtfed Planetarium. — (Fig. 123, as above.) — ^This in- 
rtrument has received the entire approbation of teachers, 
and others, who have used it, and has been adopted in 
most of our academies and schools. It is substantially made, 
the planets moving by a crank and wheel- work within the 
box, on the top of which is an engraved plate representing 
the signs of the zodiac, &c., and the whole as useful an 
instrument as the more costly one preceding. 

Price, with brass stand, $15.00. 

** with mahogany stand, I 7.50. 

7^ Camnwf^ Orrery. — (Fig. 124.) — The foUowmg shows 
one of these instruments of a simple form : — It consists of a 
table, upon the top of which are delineated the signs of the 
lodiac, points of the compass, days of the month, and 
HKmths of Uie year. In the centre is a strong ^vt^ ox \scm& 
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rod, terminated by a brass ball to represent the sun. Oa 
this rod are several rings, each bearing a long wire, timed 
up near the end. These have balls of various sizes at tbeir 
points, representing the planets of our system, with such 
moons as naturally belong to them. The length of the 
wires and size of the balls cannot be made accordant with 
the real size of the planets and their orbits, on accoimt of 
the very great extent of space which would be required. 
The planets are seen in their natural order of Mercury, 
Venus, the Earth and moon, Mars, Jupiter and four mooiia» 
and Saturn with seven moons. Herschel is for want of spaee 
omitted. Price, $5.00. 

The Tellurium, — ^The sun, the earth, and the moon, m 
bodies, which, from our connexion with them, are so inttt* 
esting to us that the annexed instrument has been contrived 
expressly for their elucidation. This instrument (Fig. ISI) 

Fig. 1S5. 
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yws in an accurate and clear manner the phenomena 
aing from the annual and diurnal motion of the earth ; the 
uige of the seasons ; the revolution of the moon round 
i earth, moving in an orhit inclined to that of the ecliptic, 
1 illustrating the subject of eclipses. The gilt ball repre- 
Lting the sun can be taken off, and a lamp substituted in 
place, illuminating the earth in one hemisphere only, and 
» moon di£ferently in its various positions. There are 
LT distinct motions given to this instrument, three by 
ans of wheels with cords passing round them, and one 
;h toothed wheels, also a screw at the end to tighten the 
•ds when required ; the globe is three inches in diameter, 
1 all the continents, seas, etc., may be distinctly seen ; 
5 equator, the ecliptic, tropics, and other circles, are very 
ible, so that problems, relative to particular places, may 

satisfactorily solved ; the axis of the earth is inclined to 
3 ecliptic in an angle of 66^ degrees, and preserves its 
rallelism during the whole of its revolution ; when the 
rth pole is turned directly towards the sun, the globe is 

the position of the earth for the longest day in our 
rtbem hemisphere, or the 21st of June ; turn the handle 

the instrument till the earth and moon have revolved 
If round the sun, and the north pole is directed from the 
n, and we have the shortest day, or the 21st of December; 
ere are two intermediate positions in the revolution of the 
ohe, answering to the positions on the 21st March and the 
at of September, when the two poles are equally exposed 

the sun, and when the days and nights are of a length 
I over the earth. The phases of the moon are clearly ex- 
bited by this instrument. When the moon is between the 
rth and the sun, we call it new moon, the enlightened 
at being then turned from us ; but when the earth is be- 
^een the sun and moon, we call it full moon, the enlight- 
icd part being then turned towards us ; in the intermediate 
NdtionB we have the first and last quarter of the moon. 
Price, on brass stand,' $13.50. 

" on mahogany stand, $7.00. 

Eclip9e Instrument — (Fig. 126, next page,) — This mstru- 
ent consists of a painted ball of four inches in diameter, 
presenting the sun, mounted on a mahogany base twenty 
ches long ; there is supported from each end a two inclv 
rrastiia] gJohe; to the axis of one of these \a ^sa'^^otVA^ %. 
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ball, representing the moon, which is movable nearly around 
the globe ; brass wires proceed from the sun, representing 
the rays of the sun's light falling on the side of the earth 
turned towards the sim. From this end of the instrument 
various eclipses may be shown. From the other side of the 
sun there is a ball representing the moon, by which the 
earth is eclipsed, and wires representing rays from the son, 
for explaining the shadows called penumbra and umbra, 
and is a valuable instrument in explaining both solar and 
lunar eclipses. Price, $5.00. 

The Tide Dial. — (Fig. 127, next page.) — ^This instrument 
consists of a circular piece of wood, on which there is re- 
presented a dial having the twenty-four hours of the day; 
connected at the centre, to an axis, is a movable dbk repre- 
senting the ocean, and bearing an arm having a ball attached 
to the end, representing the moon ; the water appearing at 
high tide in that direction ; the outer disk representing the 
earth. On the back of the dial is a crank, giving motion to 
the wheel- work, and causing the earth and moon to revolve; 
the earth revolving twenty-nine times faster than the moon. 

The tides are occasioned by the ebbing and flowing of the 
sea, which are caused by the attraction of the sun and 
moon, but chiefly by the latter. 

The attraction causes the water to assume a spberoidBl 
figure, the longest axis being in the direction of the moon. 

This oval of the waters keeps pace with the moon ia iti 
monthly course round the earth ; while the earth, by Jta 
daily rotation on its axis, presents each part of its siuface ta 
the direct action of the moon, twice every day, and tini 
produces two flood and two ebb tides. But because the 
moon is in the mean time passing from east to west in ita 
orbit, it comes to the meridian of any place later than it 
did the preceding day ; consequently the two floods nd 
ebbs require nearly twenty-five hours to complete them. 

The tides are greatest at lYie new ttxid Ml mooim, and aH 
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ice called spring tides, apd least at the first and last 
Iratures, and are thence called neap tidea, and the highest 
& are near the time of the equinoxes. Price, $4,00» 

lentr^fugal Hoops for ihomn^ the Earth an OhlaU Spks- 
\' — (Fig* 128, next page.) — An astronomical instrument, 
ihow th^t tlie earth t if revolving at all, must revolve 
^fts shortest ajrisj and ih^i owing W c^mrd^i^^i^ Im^^ 
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The structure of the instrument is very simple : it conasts 
of two or more hoops of thin tin, or brass. These aie 
fastened below to a spindle, so that they must turn with it, 
but move easily up and down that spindle when put m mo* 
tion. The spindle has a pulley below, and is supported it 
top by a cross arm. The pulley is turned by a stnng pasi- 
ing over a multipljdng wheel. Upon turning this wheel, the 
hoops being put in motion will endeavor to fly out by cea- 
trifugal force, and assume the shape represented by tlM 
dotted line ; that is, will become an oblate spheroid, or I 
globular body flattened towards either pole. 

Price, t4.50. 

Fi^. 129, as above, represents a cheaper constmctiim at 
this mstrument, having a three inch globe in the eenM 
The motion is given by turning it rapidly with the finger. 

Price, $8.60. 

Astronomic Telescope on Brass Stand, — ^No inventioiilk 
the mechanic arts has ever proved more useful and estor 

taining than the production of the telescope ; its ^ 

both by sea and land, is well known ; in respect to 
heavenly bodies, much of our knowledge is doe to d# 
iavestion of the telescope. 

V 
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e Astronomical Telescope (Fig. 130, as above) consists 
I object and eye-glass fitted into a long brass tube, 
object-glass is placed at the end of the tube nearest 
>bject. The eye-glass is that which is nearest the 
and when there are more lenses than one in the tube, 
ea the object-glass, they are called eye-glasses also, 
bnbe is mounted on a brass stand having a joint and 
d at the top, by which the telescope may be directed 
J position in the heavens. 

Le short tube, C^ adjusts in or out the body of the tele« 
3» by a raek and pinion, worked at A ; to the end of 
h, the eye-tube, B, and the various powers are applied, 
le eye-tabe, B, contains four glasses. To increase the 
Vf uxuMurew the eye-head of this tube, h^ and. takft^s^ 
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the sliding pipe, which contains the two first glasses, and in 
its place substitute the higher power, 2. Observe, the 
highest power, 1, is screwed mto the adjusting tube, C, 
without the long eye-tube, and is preferred for astronomicai 
uses. 

The legs of the brass stand are jointed and fold together, 
and the whole instrument neatly packed in a mahoganj 
case. 

Price, the main tube 20 mches long, $42.00. 
" " «* 30 " 60.00. 

" " " 36 " 90.00. 

" 42 " 150.00 and $200. 

" 80 inch, without box and ast. eye-piece, 48.00. 

Astronomical Telescope, — (Fig. 181, next page.) — ^Figare 
1 in the plate represents the telescope, supported in the 
centre of gravity, with its rack- work motions, and mounted 
on its mahogany stand, the three legs of which are made to 
close up together by means of the brass frame, aacL, which 
is composed of three bars, connected together in the centre 
piece by three joints, and also to the three legs of the 
mahogany stand by three other joints, so that the three 
bars of this frame may lie close against the insides of the 
legs of the mahogany stand when they are pressed together 
for convenience of carriage. 

The brass pin, under the rack-work, is made to roofe 
round in the brass socket, &, and may be tightened bf 
means of the finger-screw, d, when the telescope is directed 
nearly to the object intended to be observed. This socket 
turns on two centres, by which means it may be set perpen- 
dicular to the horizon, or to any angle required in respect to 
the horizon ; the angle may be ascertained by the divided 
arc, and then made fast by the screw, e. If this socket be 
set to the latitude of the place at which the telescope ii 
used, and the plane of this arc be turned on tiie top of the 
mahogany stand, so as to be in the plane of the meridian, 
the socket, 6, being fixed to the inclination of ^e pole of 
the earth, the telescope, when turned in this sooket, viD 
have an equatorial motion, which is always very conveniflDt 
in making astronomical observations. 

Figure 2 in the plate represents a stand to be tued on ft 
table, which may be more convenient for many atualwaa 
iban th^ Jaige mahogany aUad^ Tbt!& telp»(»pe» with ii 



ABnu>voidOAt nrtnuTiOHn. 



191 




imck-work, may be applied to either of the two stands, as 
occaaioii may require, the sockets on the top of both bdng 
made exactly of the same size. The sliding rods may be 
applied to the feet of the brass stand, so that the telescope 
may be used with the same advanta^ on one as on tne 
other. 

11 
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The tube A A may be made either of braH or mahogaij 
of three and a half feet long. The achronuitic object^jlMi 
of three and a half feet focal distance has an apertore d 
two inches and three quarters. 

The laiger size is with a tnbe five feet long, and hu a 
achromatic object-glass of three inches and one quite 
aperture. 

The eye-tube, as represented hj B, contatns foor eye- 
glasses, to be used for day or any £md objects. There an 
three eye-tubes, as C, which have two glasses in each, to 
be used for astronomical purposes. These eye-tubes iD 
screw into the short brass tube at D. By turning the 
button or milled head at /, this tube is moved out of the 
larger, so as to adjust the eye-glasses to the proper dis- 
tance from the object-glass, to render the object distinct to 
any sight with any of the different eye-tubes. 

The magnifying power oi the three and a half feet tele- 
scope with the eye-tube for land objects, is forty-five^ 
times, and of the five feet, for land objects^, sixty-five tinMeT 
With those for astronomical purposes, with the three and ft 
half feet, the magnifying powers are eighty, one hundred 
and thirty, and one hundred and eighty ; and for the five 
feet, one hundred and ten, one hundred and ninety, and two 
hundred and fifty times. 

Stamed glasses, as g, are applied to all the dififerent e7^ 
tubes, to guard the eye in observing the spots on the euo. 
These glasses are to be taken off when the eye-tubes an 
used for other purposes. 

The rack- work is intended to move the telescope in any I 
direction required, and is worked by means of the two I 
handles at 7i. When the direction of the tube is required I 
to be considerably altered, the worm screws, which act ■ 
against the arc and the circle, must be discharged ; thea 
the screw d being loosened, the pin of the rack-woric wl 
move easily round in the socket, b. 

For the more readily finding or directing the telescope te 
any object, particularly astronomical objects, there be 
small tube or telescope, called the finder, fixed near the 
eye-end of the large telescope. At the focus of the object' 
glass of this finder there are two wires which intersect eaeh 
other in the axis of the tube, and as the magnifying powir 
is only about six times, the real field of view is very liin|el 
tbewfare any object wiU \>e readily {o\«iA within it,'w^'^ 
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ig brooglit to the intersection of the wires, it will then 

inthin the field of the telescope. 

a viewing astronomical objects (and particularly when 

greatest magnifying powers are applied) it is vety 
»8ary to render the telescope as steady as possible ; for 
; purpose there are two sets of brass slidmg rods, i i, as 
resented in the plate. These rods connect the eye-end 
he telescope with two of the legs of the stand, by which 

vibrations of the tube, that might be occasioned by the 
ion of the air or otherwise, will be prevented, and the 
scope rendered sufficiently steady for using the greatest 
"ers. These sliding rods move within one another with 
mch ease as to admit of the rack- work being used in the 
e manner as if they were not applied. 

mproved ABtronomical Telescopes. — ^This elegant instru- 

It, represented below, in Fig. 132, is one of the latest 

most approved construction; the stand is of poHshed 

logany, the legs jointed and supporting the telescope 

Flff.1^ 
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oonrenieiiily and steadily, haying a brass pillar morab 
a tooth and wheel adjustment — ^by which it may be i 
any height required — with yertical brass joint and hoiii 
motion, and rack and pinion motion to the tubes ; the li 
of the tube is five feet, the aperture is three inches, h 
terrestrial and celestial eye-pieces. The constmctioii a 
yarious parts may be understood by reference to ih( 
previously described. Price, $150.( 

Fig. 133. 




Another form of these splendid astronomical instmm 
is represented in the above cut, Fig. 133, of a larger const 
tion than the preceding ones, and is mounted on a stain 
a new and highly approved construction. It possessei 
advantage of supporting the telescope in two places, w 
renders it extremely steady, a property of great imporli 
when viewing celestial objects with high magnifying poi 
It possesses, likewise, the advantage of enabling the obsfl 
to continue seated at the same height from the floor, althc 
the telescope be raised to any altitude, the eleyatioa b 
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dtiiely at the object end, although it be changed firom the 
oiizon to the zenith. 

In the other constructions, where the centre of motion is 
early in the middle of the tube, it is at times inconvenient 
3 stoop to the eye-end of the telescope when the altitude 
f the object is considerable ; this new and improved con- 
traction of a stand remedies this inconvenience, which, 
ogether with its unusual steadiness, recommends it highly 
o astronomical observers. The frame- work is composed of 
Murs of hard wood, firmly braced, and screwed together in 
i very durable manner, and is mounted on three castors ; 
ihese castors may, by the motion of a lever, be so arranged 
;hat the stand may rest on the floor more steadily without 
the rollers, when the proper position of the telescope has 
been obtained. For the horizontal and vertical motion of 
the telescope, the arrangements are very complete; the 
former being a toothed wheel and arch ; the latter having 
a small wheel moving a larger wheel, at the ends of the axis 
of which there are cog wheels working in links, forming an 
endless chdn, or band, for drawing up one part of the 
frame, and elevating the telescope. The tubes are of brass, 
Sve and a half feet in length, the aperture of the object 
(lass four inches, having two terrestrial and two celestial 
>ye-pieces. Price, $2'75,00 to $350.00. 

The Transit Instrument, — (Fig. 134, next page.) — ^The 
ransit is a meridional instrument, employed, in conjimction 
rith a clock or chronometer, for observmg the passage of 
:elestial objects across the meiidian, either for obtaining 
torrect time, or determining their difference of right ascen- 
ion ; the latter of which, in the case of the moon and cer- 
ain stars near her path, that differ but little from her in 
ight ascension, affords the best means of determining the 
lifference of lon^tude between any two places where cor- 
lesponding observations may have been made. Such beine 
nore especially the use of the portable transit instrument, it 
brms a valuable accession to the apparatus of the scientific 
zaveller, who, remaining a short time at any station, is 
snabled thereby to adjust his time-keepers both with ease 
ind accuracy, and to obtaii^ the best data for finding his 
longitude. It also may be employed very successfully in 
letermining the latitude. 

The following' Ggnre represents this instnameD^ %a ^mol* 
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Btnicted by Mr. Trough ton, when the telescope does jqoI 
ejcceed twenty inches, or two feet facal leng^tb* The tde- 
Boope-tube, A A, is in two parts, and connected together by 
a sphere, B, which also receives the larger ends of two cone^^ 
C C, placed at right angles to the direct ion of the telescope, 
and forming the horizontal axis. This axis terminates in two 
cylmdricBl pivots, which rest mX*a ^Tied at the upper end 
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bhe vertica] standards, D D. One of the Y's possesses a 
!ill motion in azimuth, communicated by turning the 
ew, a ; in these Y's the telescope turns upon its pivots, 
t, that it may move in a vertical circle, the pivots must 
precisely on a level with each other, otherwise the tele- 
pe will revolve in a plane oblique (instead of perpendicu- 
) to the horizon. The levelling of the axis, as it is called, 
therefore one of the most important adjustments of the 
trument, and is effected by the aid of a spirit-level, E, 
ich is made for this purpose to stride across the telescope, 
1 rest on the two pivots. 

Phe standards, D D, are fixed by screws upon a brass 
cle, F, which rests on three screws, h c d, forming the 
it of the instrument, by the motion of which the opera- 
n of levelling is performed. The two oblique braces, 
G-, are for the purpose of steadying the supports, it being 
lential for the telescope to have not only a free but a 
ndy motion. On the extremity of one of the pivots, 
lich extends beyond its Y, is fixed a circle, H, which 
us with the axis while the double vernier, e e, remains 
tionary in a horizontal position, and shows the altitude 
which the telescope is elevated. The verniers are set 
rizontal by means of a spirit-level, /, which is attached 
them, and they are fixed in their position by an arm of 
iss, ^, clamped to the supports by a screw at A. The 
ole of this apparatus is movable with the telescope, and 
en the axis is reversed, can be attached in the same man- 
* to the opposite standard. 

N'ear the eye end, and in the principal focus of the tele« 
•pe, is placed the diaphragm, or wire-plate, which, in the 
lodolite or levelling telescope, need only carry two cross 
es, but in this instrument it has five vertical and two 
izontal wires. The centre vertical wire ought to be fixed 
the optical axis of the telescope, and perpendicular with 
pect to the pivots of the axis. It will be evident, upon 
isideration, that these wires are rendered visible in the 
^time by the rays of light passing down the telescope to 
5 eye ; but at night, when a very luminous object, as the 
on, is observed, they cannot be seen. Their illumination 
therefore effected by piercing one of the pivots, and ad- 
;ting the light of a lamp fixed on the top of one of the 
ndards, as shown at I ; which li^ht is directed to the 
^ by a reflector placed diagonally m the 6^\i^i^ *& \ >2ea 
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reflector having a large hole in its centre, does not interfeiv 
with the rays passing down the telescope from the object 
and thus the observer sees distinctly both the wires and ths 
object at the same time ; when, however, the object is Toy 
faint (as a small star), the light from the lamp would ow- 
power its feeble rays. To remedy this inconvenience, ths 
lamp is so constructed, that by turning a screw at its badb 
or inclining the opening of the lantern, more or less li^ 
may be admitted to the telescope, to suit the circumstaiMei 
of the case. 

The telescope is furnished with a diagonal eye-piece, bj 
which stars near the zenith may be observed without incoih 
venience. 

Of the adjtistmenti, — Upon setting the instrument up, it 
should be so placed that the telescope, when turned down 
to the horizon, should point north and south as near as csa 
possibly be ascertained. This of course can be but approx- 
imate, as the correct determmation of the meridian can only 
be obtained by observation, after the other adjustments sre 
completed. 

The first adjustment is that of the line of collimation. 
Direct the telescope to some small distant well-defined ob- 
ject (the more distant the better), and bisect it with the 
middle of the central vertical wire ; then lift the telescope 
very carefully out of its angular bearings, or Y's, and re- 
place it with the axis reversed ; point the telescope again to 
the same object, and if it be still bisected, the collimatkn 
adjustment is correct ; if not, move the wires one half the 
error, by turning the small screws which hold the diaphragm 
near the eye-end of the telescope, and the adjustment will 
be accomplished ; but as half the deviation may not be oar- 
rectly estimated in moving the wires, it becomes necesasry 
to verify the adjustment by moving the telescope the other 
half, which is done by turning the screw a ; this gives the 
small azimuthal motion to the Y before spoken of, and con- 
sequently to the pivot of the axis which it carries. Having 
thus again bisected the object, reverse the axis as before, 
and if half the error was correctly estimated, the obje^ 
will be bisected upon the telescope being directed to it ; if 
not quite correct, the operation of reversing and correcting 
half the error, in the same manner, must be gone throajpi 
sgtUn, until, by successive a]^]^TQximatioi:\s, the object is foiui 
to be bisected in both pontiona oi ^Ylq «bTy&\ ^^^^WsBflok 
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ill tiben be perfect. The collimation adjustment may 
kewise be examined from time to time, by observing the 
nnsit of Polaris, or any other close circumpolar star, over 
le first three wires, which gives the intervals in time from 
le first to the second, and from the first to the third wire ; 
ad then reversing the axis, observe the same intervals in a 
averse order, as the wires which were the three first, in the 
3rmer position, will now be the three last : if the intervals 
I the first observations are exactly the same as the intervals 
1 the second, the collimation adjustment is correct; but 
hould the corresponding intervals differ, such diflference 
K>ints out the existence of an error, which must be removed 
18 before described, one half by the collimating screws, and 
.he other half by the azimuthal motion of the instrument. 

It is desirable that the central, or middle wire (as it is 
isually termed), should be truly vertical ; as we should then 
lave the power of observing the transit of a star on any 
part of it, as well as the centre. It may be ascertained 
irhether it is so, by elevating and depressing the telescope : 
irhen directed to a distant object, if it is bisected by every 
part of the wire, the wire is vertical ; if otherwise, it should 
be adjusted by turning the inner tube carrying the wire- 
plate, until the above test of its verticality be obtained, or 
else care must be taken that the observations are made near 
4e centre only ; the other vertical wires are placed by the 
Haker equidistant from each other and parallel to the middle 
)iie — therefore, when the middle one is adjusted, the others 
re so too ; he also places the two transverse wires at right 
ogles to the vertical middle wire. These adjustments are 
Iways performed by the maker, and but little liable to de- 
uigement. When, however, they happen to get out of 
rder, and the observer wishes to correct them, it is done 
y loosening the screws which hold the eye-end of the tele- 
sope in its place, and turning the end round a small quantity 
y the hand until the error is removed. But this operation 
squires very delicate handling, as it is liable to remove the 
ires from the focus of the object-glass. 

The axis on which the telescope turns must next be set 
orizontal. To do this, apply the level to the pivots, bring 
he air-bubble to the centre of the glass tube, by turning 
he foot-screw, b, which raises or lowers that end of the 
jjB, and consequently the level resting upon it ; then re- 
the level by turning it end for end, aiid .^ xXi^ «a* 
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bubble still remains central, the axis will be horiiontal, bat 
if not, half the deviation must be corrected by the foot- 
screw, b, and the other half by turning the small screw, i, 
at one end of the level, which raises or lowers the glan- I 
tube (containing the air-bubble) with respect to its supports, 
which rest upon the pivots. This, like most other adjiut- 
ments, frequently requires several repetitions before it ii 
accomplished, on account of the difficulty of estimating 
exactly half the error. 

Having set the axis on which the telescope turns, parallel 
to the horizon, and proved the correct position of the cen- 
tral wire or line of colUmation, making it describe a great 
circle perpendicular to that axis, it remains finally to make 
it move in tliat vertical circle which is the meridian. 

The correction of this error may be effected by tunuog 
the screw, a, if the angular value of one revolution iM 
known, unless the instrument possesses an azimuth circle, 
by which the telescope may be set exactly that quantitj 
from its present position. 

But if the quantity of motion to be given to the adjust- 
ing-screw, a, is not a matter of certainty, the observer, after 
ascertaming the difference of the intervals, must make thi 
adjustment which he considers sufficient, and again proceed 
to verify it by obser\'ation, until, by continued approximi- 
tion, he succeeds in fixing his instrument correctly in the 
meridian. Price, according to size, &c., $150 to $300. 

The Altitude and Azimuth Instrument, — (Fig. 135, next 
page.) — To the centre of the tripod, A A, is fixed the verti- 
cal axis of the instrument, of a length equal to about the 
radius of the circle ; it is concealed from view by the ex- 
terior cone, B. On the lower part of the axis, and in doM 
contact with the tripod, is centred the azimuth circle, C, 
which admits of a horizontal circular motion of about three 
degrees, for the purpose of bringing its zero exactly in the 
meridian; this is effected by a slow-moving screw, the 
milled head of which is shown at D. This motion shonUl 
however, be omitted in instruments destined for exact work, 
as the bringing the zero into the meridian is not requisite, 
either in astronomy or surveying ; it is in fact purchasing • 
convenience too dearly, by introducing a source of error not 
always trivial. Above the azimuth circle, and concentaB 
with it, k placed a strong^ circular plate, £, which 
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the whole of the upper works, and also a pointer* to nhovr 
the degree and nearest five minutes to be read off on the 
azimuth circle; the remaining minutes and seconds bein? 
obtained by means of the two reading microscopes, F ana 
G ; this plate, by means of the conical part, a, which ia 
carefully fitted to the axis, rests on the axis, and moves con* 
centrically with it. The conical pillars, H H, support the 
horizontal or transit axis, I, which being longer than the 
distance between the centre of the pillars, the projecting 
pieces, e c, fixed to their top, are required to carry out the 
Y'a, a a, to the proper distance for the reception of the 
pivots of ^6 axis ; Uie Y's are capable of being raised or 
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lowered in their sockets by means of the milled-headed 
screws, h h, for a purpose hereafter to be explained. The 
weight of the axis, with the load it carries, is prevented 
from pressing too heavily on its bearings, by two frictioii 
rollers on which it rests, one of which is shown at e. A 
spiral spring, fixed in the body of each pillar, presses the 
rollers upwards, with a force nearly a counterpoise to the 
superincumbent weight ; the rollers on receivmg the axis 
yield to the pressure, and allow the pivots to find their 
proper bearings in the Y's, relieving them, however, from 
a great portion of the weight. 

The telescope, K, is connected with, the horizontal axis^ 
in a manner similar to that of the portable transit instru- 
ment. Upon the axis, as a centre, is fixed the double circle, 
J J, each circle being close against the telescope, and on 
each side of it. The circles are fastened together by small 
brass pillars ; by this circle the vertical angles are mea- 
sured, and the graduations are cut on a narrow ring of 
silver, inlaid on one of the sides, which is usually termed 
the face of the instrument ; a distinction essential in making 
observations. The clamp for fixing, and the tangent-screw 
for giving a slow motion to the vertical circle, are placed 
beneath it, between the pillars, H H, and attached to them, 
as shown at L. A similar contrivance for the azimuth cir- 
cle is represented at M. The readmg microscopes for the 
vertical circle, are carried by two arms bent upwards near 
their extremities, and attached towards the top of one of 
the pillars. The projecting arms are shown at N, and the 
microscopes above at O. 

A diaphragm, or pierced plate, is fixed in the principal 
focus of the telescope, on which are stretched ^ve vertusal 
and five horizontal wires : the intersection of the two centre 
ones, denoting the optical axis of the telescope, is the point 
with which the terrestrial object is bisected, when observmff 
angles for geodesical purposes. The vertical wires are used 
for the same purpose as those in the transit telescope, and 
the horizontal ones for taking altitudes of celestial objects. 
A micrometer having a movable wire is sometimes attached 
to the eye-end of the telescope, but it is not generally ap- 
plied to instruments of portable dimensions. The illumina- 
tion of the wires at night is by a lamp, supported near the 
top of one of the pillars, as at d, and placed opposite the 
eoa of one of the pivots of tVve «bX\^> ^\iv^, V^xu^ ^^erfo- 
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rated, admits the rays of liglit to the centre of the tele- 
Bcope-tnbe, where, faUmg on a diagonal reflector, they are 
reflected to the eye, and illuminate the field of view ; the 
whole of this contrivance^ is precisely similar to that de- 
scribed as belonging to the transit instrument. 

The vertical curcle is usually divided into four quadrants, 
each numbered, 1**, 2°, 3°, &c., up to 90°, and following 
one another in the same order of succession ; consequently, 
in one position of the instrument, altitudes are read off, and 
with the face of the instrument reversed, zenith distances ; 
and an observation is not to be considered complete till the 
object has been observed in both positions. The sum of the 
two readings will always be 90°, if there be no error in the 
adjustments, in the circle itself, or in the obser\'ations. 

It is necessary that the microscopes, O O, and the centre 
of the circle, should occupy the line of its horizontal diame- 
ter ; to effect which, the up-and-down motion (before spoken 
of) by means of the screws, b b, ia given to the Y's, to raise 
or lower them, until this adjustment is accomplished. A 
spirit-level, P, is suspended from the ai-ms which carry the 
microscopes : this shows when the vertical axis is set per- 
pendicular to the horizon. A scale, usually showing seconds, 
is placed along the glass-tube of the level, which exhibits 
the amount, if any, of the inclination of the vertical axis. 
This should be noticed repeatedly whilst makinsj a series of 
obeervations, to ascertain if any change has taken place in 
the position of the instrument after its adjustments have 
been completed. One of the points of suspension of the 
level is movable up or down, by means of the screw, /, for 
the purpose of adjusting the bubble. A striding level simi- 
lar to the one employed for the transit instrument, and used 
for a like purpose, rests upon the pivots of the axis. It 
must be carefully passed between the radial bars of the 
vertical circle to set it up in its place, and must be removed 
as soon as the operation of levelling the horizontal axis is 
performed. The whole instrument stands upon three foot- 
screws, placed at the extremities of the three branches which 
form the tripod, and brass cups are placed under the spheri- 
cal ends of the foot-screws. A stone pedestal, set perfectly 
steady, is the best support for this as well as the portable 
transit instrument. 

Um nfiki Altitude and Azimuth Instrument, — This is tha 
most genenllv useful of all instruments iox m^«B^af\2Q%«XL- 
'l2 
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gles, being applicable to geodesical as well as astronomical 
purposes. In the hands of the surveyor, it becomes a the- 
odolite of rather large dimensions, measuring with great 
accuracy both vertical and horizontal angles. It does not 
possess the power of repetition ; but the effect of any error 
of division on the aashnuthal circle, may be reduced or de- 
stroyed, by measuring the same angle upon different parts 
of the arc ; thus, after each observation, turn the whole in* 
atrument a small quantity on its stand, and adjusting it^ 
again measure the required angle. A fresh set of divisions 
is thus brought into use at every observation, and the same 
operation being repeated many times, where great accuracy 
is required, the mean result may be considered as free from 
any error that may exist in the graduation. A repeating 
stand has, of late years, been frequently added to this in- 
strument, and is a most powerful and convenient appendagCi 
when great accuracy is required in the measurement of 
azimuthal angles. The two opposite micrometers being read 
off at each observation, will always remove the effect of any 
error in the centrings The vertical angles should, in all 
cases, be taken twice, reversing the instrument before taking 
the second observation, when, as before observed, one of the 
readings will be an altitude, and the other a zenith distance ; 
the sum of the two readings, therefore, if the observation be 
made with accuracy, and no error exists in the adjustments 
of the instrument, will be exactly 90° ; and whatever the 
sum differs from this quantity is double the error of the in- 
strument in altitude, and half this double error h the corree- 
tion to be applied -f or — to either of the separate obaerva- 
tions, to obtain the true altitude or zenith distance, + when 
the sum of the two readings is less than 90°, and •— - when 
greater. 

In applying the instrument to astronomical pnrposea, it 
was formerly the custom to clamp it in the direction of the 
meridian, and after taking an observation, or series of ob- 
servations, with the face of the instrument one way, to wait 
till the next night, or till opportunity permitted, and then 
take a corresponding series of observations of the same 
objects, with the face of the instrument in a reversed posi- 
tion. But this method being attended both with ^nce^ 
tainty and inconvenience, it is now usual to complete at once 
the set of observations, by taking the altitudes in both poai- 
tfoas of the instrument as soon as possible after each otbar. 
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When the meridian altitude is required, several observationa 
may be taken, a short time both before and after the meri- 
dianal passage, with the face of the instrument in one 
direction, and with it reversed, noting the time at each 
observation ; and if we have the exact time of the object's 
transit, its hour angle in time, or its distance from the meri- 
dian at the moment of each observation, may be deduced. 
This, with the latitude of the place (approximately known) 
and the declination of the object, affords data for computing 
8 quantity called the reduction to the meridian, which add^ 
to the mean of the observed altitudes, when the object is 
above the pole, and subtracted when the object is below the 
pole, will give the meridional altitude of the object, and 
vice versa, for zenith distances. The nearer the observa- 
tions are taken to the meridian, the less will the results 
depend upon an accurate noting or knowledge of the time. 

Price, $500 and upwards. 

Fig. 188. 




T?ie Sun Dial (Fisf. 136, as above) is an instrument for 
showing the hour of the day by means of the sun's shadow. 
In constructing this instrument, the object is to find, by 
means of his shadow, the sun's distance at any time from 
the meridian ; when this distance is known, the hour is also 
known. Sun dials are usually constructed on a plane sur- 
fjEUse of brass or other material, placed parallel tA \.Vl<& Wcofsok^ 
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liaying a style, or gnomon, whicli is usually the edge of « 
plate of metal, or a cylindrical rod, fixed at an angle eqml 
to the latitude of the place where the dial is to be used. 

The face of the dial is divided into hours, from 5 to 13 
on one side of the gnomon, and from 12 to 7 on the other; 
there are intermediate divisions for half, quarter hours* and 
minutes ; also, the principal points of the compass are drawn 
on it. Fig. 137 represents the face of the dial, and B%. 
138 the gnomon and side view. 

Fig. 137. 




The time indicated by the sim dial, is solar or true time, 
and agrees with mean time, or that shown by a clock, only 
on four dilBFerent days in the year. To find the mean time, 
it is necessary to apply a correction, called the equation of 
time. 

Price, in brass, for any lat. required, 6 in. diam. $4.50. 



in marble. 



The Sun Dial with Lens and Cannon. — (Fig. 139, next 
page.) — This instrument is so arranged, that, the heat of the 
sun falling through a lens, and bemg concentrated on the 
touch-hole of a loaded cannon, it will precisely at noon be 
fired. It consists of a slab of marble, having a sun dial of 
the usual construction on one portion, and on another part a 
brass cannon, at the sides of which there are two quadranli 
mib movMe arms, by w\v\cl[\ a \eiA oi «X^u\. Vkq and a 
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half to throe inoHes in dkune* '^ i^* 

fcer set in brass mounting is 
mpported; the focus of the 
lens corresponding to the dis- 
tance of the touch-hole of the 
cannon. On one of the quad- 
rants there is marked a scale, 
showing the altitude the lens 
is to be set for every day in 
bhe year, and corresponding 
to the declination of the sun, 
[n setting the dial it should 
1)6 as near horizontal as possible, and the 12 o'clock line 
aorth and south ; when it will be found, that at 12 o'clock 
^he sun wil} shine through the lens and fall exactly on the 
priming of the cannon, and the explosion take place. 

Price, 1j in. diam. $8.60; 9^ in, diam, $12.60. 

Fig. 14a 





Universal Ring Dial, — ^The Universal or Astronomical 
(ing Dial (Fiff. 140, as above,) is an instrument which 
eiT^ to find the hour of the day in any part oi l\i« «m^\ 
t c^imBta of two mgs or flat circles, from 4 to ft \[|j(Jt^fiA Vei 
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diameter, and their breadth, <&c., proportionable. The out- 
ward ring represents the meridian of any place you are at^ 
and contains two divisions of 90^ each, diametrically oppo- 
site to one another, serving the one from the equator to the 
north, the other to the south pole. The inner ring repre- 
sents the equator, and turns exactly within the outer, by 
means of two pivots in each ring, at the hour XII. Across 
the two circles goes a thin reglet or bridge, with a cursor, 
that slides along the middle of the bridge. In the cursor is 
a little hole for the sun to shine through. The middle of 
this bridge is conceived as the axis of the world, and the 
extremities as the poles ; and on the one side are drawn the 
signs of the zodiac, and on the other the days of the 
month. On the edge of the meridian slides a piece, to which 
is fitted a ring to suspend the instrument by. On the nr- 
face of the inner ring the hours and parts are engraved. 

To USE THE Universal Ring Dial. — To find the jSim'f 
Declination and kin place in the Ectipttc. — Set the slider on 
the diameter or bridge, to the day of the month, and, answer- 
ing to it on the other side, is the sun*s place and his declina- 
tion, either north or south, as the letters so marked direct. 

To find the Latitude of the Place. — Find the sun*s decli- 
nation for that day ; then, if it be north, set the slider or 
hanging piece to so many degrees on the front of the dial 
marked S ; but if it be south declination, set the hanging 
piece on that side of the graduated circle marked N. Pat 
a pin or wire in the small hole on the back side of the 
instrument ; hold it up by the ring, the pin towards the 
sun, so that the shadow thereof falls amongst the divisions 
on the back of the dial ; then watch for the greatest alti- 
tude ; which, counted from the lowermost part of those 
degrees, the shadow so cut will be the latitude required. 

To find the Hour of the Day. — Set the slider on the me- 
ridian to the latitude of the place, and the slider on the 
bridge or axis to the day of the month ; then open the hour 
circle (now holding the instrument by the little ring, that 
it may hang freely), turn the bridge towards the sun, till 
you can see a small speck of light come through the slid» 
of the bridge, and fall on the middle liiK* of the hour circle; 
and that point in the middle line \vhe;e the speck falls, 
shows the hour of the day at th.it place, Tlie instrument 
hanging in this position, the meridian, equinoctial, pdedi 
iuda, &c., are ail of them correspondent to those supposed 
In the heavens. ^m^, ^ \a\^« 
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Fig. 141. 
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Universal Joint Dial and Compass. — (Fig. 141, as above.) 
— ^First set up the arc, which moves upon a joint, and con- 
tains 90^ of latitude ; then raise the plane of the dial that 
has the hours engraved upon it, to the number of degrees 
required for the latitude of your place. 

Example. — For New York 40*=* 40' ; suffer the compass 
needle to traverse freely upon its centre ; then turn the 
compass till the north pole of the needle (which is denoted 
by a cross wire near the extremity) settles at the north point 
on the face of the compass, then level the whole by means 
of the three feet or adjusting screws, and the spirit levels 
contained within the compass. 

The pole, or gnomon, must be raised perpendicular to the 
plane of the dial, from the 10th of March to the 11th of 
September, between which times your hour-shadow will fall 
on the plane of the dial ; and from the 11th of September 
to the 10th of March, the pole or gnomon must be reversed, 
the shadow of which will then fall on the inside of the ring 
which contains the corresponding hours with llio^^ qxx \Xi<^ 
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For the time in the forenoon, the shadow of that edge of 
the gnomon next those hours, and parallel with the 6 oxlock 
line, is that which is to be taken ; and for the afternoon, the 
edge next its hours. 

Note. — ^When the shadow comes to the meridian, or 12 
o'clock, the whole thickness of the gnomon falls within that 
space numbered XII. 

It is proper to know the variation of the compass at your 
place, and the right allowance made. 

A little study with the instrument in the sunshine, will 
clearly illustrate the foregoing directions. 

Price, $5.00 to $20.00. 

Ths Time Glass. — An instrument serving to measure flie 
flux of time, by the descent or running of sand from (me 

flass vessel into another. Small ones running from two to 
ve minutes are frequently mounted in bronzed metalfio 
frames. (Fig, 142.) Price, 60c. and 68c 



Fig. 148. 



Fig. 142. 





Larger time glasses (Fig. 143, as above,) are mounted in 
frames of wood, either plain or highly polished, and may be 
had running quarter, half, one hour, pr two hours. Hour 
glasses are used at sea for reckoning ; also, in academiee 
and schools where lessons are to be pursued for a given time. 
Price, in plain frames, J- hour, 88c. ; 1 hour, $1.00; 
1 hour, $1.25 ; 2 hours, $1,'75. 
" in polished rosewood frames, J hour, $1.86; 
i hour, %%,00;Vwtt,%^.^\\^\«MXt,$l. 
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Inertia Apparatus, — ^Inertia is that ''*«• i**- 

>perty of matter by which it resists 

f change of state, whether of rest 

motion. 

Fhis interesting piece of appara- 

I (Fig. 144) consists of a common 

"d and a brass ball of one inch or 

•re in diameter, supported on a 

)rt pillar with a suitable base. To 

i side of the base there is fixed a 

el spring, and a lever for drawing it back : on drawing 

! spnng and suddenly relieving it, the card is struck ^d 

ven from under the ball off the pillar, while the ball rests 

the pillar as firmly as though the card had not been 

)cked from under it. Price, $1.50. 




Fig. 14& 




i.dhe9ion Plates, — ^These consist of two plates of glass 
g. 145), with knobs for handles, the flat surfaces ground 
fectly true. On pressing these together, they can be 
larated only by the ezerticm of coDsidecabk &ft^« \)d^ 
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power required beinrr in proportion to tbe area of the pbieiL 
ALiuui Ha U' I' iuciie> in diaxneter is the vsual Biie. 

Price, 11.50. 

Bofntmbrnrrr'f' Machine. — ^This appamtiK (See Fig. 144, 
beiow . cunsisk- ot thret- movable rin^, ABC. monntad m 
u sioui uu»t . Tilt- two inner rings are mounted on pirote; 
tiJOM oi! ttjt- snialiesi ring at right angles to the middle cm; 
in tijt smallest ring ib supported a metal ball, hann^ i 
n>ijt.v ui. om o! iu*- pivotK : around the roller a strinir but 
U ^nund. uud viieii pulled off a rapid rotarr moticm maj 
bt pvei. u iiK buL. This motion mar be given with in 
axi^ ii: anv pusitiuii required, and when communicated llie 
ring supporting the biill will resist considerable effort to 
alter il^ pLwiiioii. and whatever way the instrument but be 
luriR'd. il■^ axifr wiL continue to maintain the position ithvi 
when set in moiion. illustrating the inertia, or that propeitr 
of matter wliicL resists any change of state, whether of JfA 
or motion. Pricse, $5.00. 
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Imtrum^ni f*ir tUuBtrating ImpnufrabiJity.— {Fig, Ul 
as alxjve. j- - /iy ifriptn<;tmbility is meant the'fact, that two 
l>odi<^s cannot oc'iupy tlie same space at the same time. 
The inbtrument to illustrate this principle consists of a gta 
jar, A, to which i^ fitted, air-tight, a lai^e cork, through 
wliich a funnel, H, with small neck, and bent glass tube, C, 
HI e iiiserU^d ; one end of the latter is to be immersed in i 
Veb*,el of water. D. If, now, water is poured mto the ftt- 
m Uiid i^nters the jar, it nVa \» {otmd thai the 
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lantily of air wOl escape through the water, tlie water 
Isplacing the air, not penetrating it Price, tl.OO. 

Tubes far Capillary Attraction, — (Fig. 148, as below.)— 
hese consbt of a number of small glass tubes of different 
zed bore, attached to a piece of wood, which may be 
laced in a glass vessel, allowing all the tubes to be immers- 
1 at one end. The liquid will rise to different heights in 
le several tubes, and highest in the tubes having the small- 
it bore. Price, $1.00. 



Fig. 149. 



Flf. 14& 





Glass Plates far Capillary Attraction. — Fig. 149, as 
bove, consists of two plates of glass about five inches 
luare, joined at two of their edges, and separated at the 
ther a small space, forming an angle of about two degrees. 
IThen immersed about an mch in water, the water wm rise 
etween the plates, and will rise higher as the space is 
nailer, formm^ a curve called a hyperbole. The effect is 
iiown best if we liquid is colored. 

Price, tl.OO and |;2.00. 



Collisian Bails for Action 
nd Beaction. — (Fig. 160). — 
his apparatus consists of a 
amber of ivory balls, sus- 
ended cox^ti^uous to each 
ther by strings of equal 
mgth, sometimes mounted 
n a frame, having a gradu- 
ted arch over which the 
■lb may oscillate freely. 



Fig. 15a 
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Let two ivory balk of equal weight be suspended bf 
threads, as in the annexed ngnre ; u the foitner be tins 
drawn aside and suflfei-ed to fall against the latter, it wiD 
drive it to a dbtance equal to that through which ihe &it 
ball fell ; but it will itself rest, having given up all its owi 
moving power to the second ball. 

If five ivory balls, of equal weight, be hung by thresdi 
of the same length, and the ball a be drawn out from the 
perpendicular, and then let fall a^rainst the second, that tad 
the other two will continue stationary ; but the last bsfl, 
B, will fly off the same distance as that throuffh whieh the 
first ball fell For when the first ball strikes ue second, it 
receives a blow in return, which destroys its motion. The 
second ball, although it does not appear to move, strikei 
agunst the third, the reaction of which sets it at rest: the 
action of the third ball is destroyed by the reaction of the 
fourth, and so on, till motion is communicated to the list 
ball, which, not being reacted upon, flies off. Therefoie^ 
when one body strikes against another, the quantity of mo- 
tion communicated to the second body is lost by the M 
but this loss proceeds — ^not from the blow given bvthe 
striking body — but from the reaction of the body whidiit 
struck. 

Price, set of 5, | inch ivory balls, - $1.20. 

5, 1 " « " • $2M 

5, IJ '* *' " - 18.00. 

6, li " " " . 14.60. 
" mounted on mahogany frame 

with graduated arch, $7.00 to $12.00. 

" set of 5, 1| inch boxwood 

balls, on mahogany 1^ 

frame, with arch, $8.60 to #7.00, 1^ 

" set of 5, 1^ inch boxwood balls, $1.00. I ^ 

Machine for showing the CompoHtion of Forces. — Campos- 1 
tion of forces is the finding the quantity and direotioB <'*l^ 
single force, which is equivalent to two or more fonds, SB^ 1^ 
ing each differently, and of which the quantity and diiwlioi| 
are given. This machme (Fig. 151, next page) wfllpioxl ^ 
how two forces will conspire to produce one motianbVi'l^^ 
that intermediate between them. J J™* 

At bottom is a square frame or table ; at one conisriM*^^ 
a slender rod, and on each side of it an upright wirsb ^^ 
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ng a ball, wbicli by a bole 
a made to slip easily up and 
lown. In the centre beneath 
a a third ball, resting loosely 
3n the table. If the ball a 
Eialls, it would strike the ball 
D, and drive it to d ; if b falls, 
it would drive it to s, but if 
both A and b are suffered to 
Call at exactly the same time, 
the ball c would obey the 
impulse of both at once, and 
take an intermediate course ; 
that is, be propelled across the board to e. 



Fig. 161. 




Price, $5.00. 

Fig. 152. 




-^ 



Hocking Horse, — (Fig. 162.) — 
This is an amusing figure, represent- 
ing a horse and rider, and sometimes 
used to illustrate the effect of plac- 
ing the centre of gravity very low. 
The figure is a light toy in the form 
of a horse, having a wire and heavy 
ball fastened to it, as represented 
in the cut. If the hind feet of the 
horse be placed on the table with- 
out the ball being attached, the 
centre of gravity will be beyond 
the table, and the horse will of 
course fall. But if the ball be at- 
tached the centre of gravity will be below, and the line of 
direction fall within the table ; the horse will consequently 
be supported, and may be vibrated in an amusing manner. 

Price, 75cts. 

Also a variety of blocks, wheels, and figmes, illustrating 
the centre of gravity. Price, 50cts. to $1.50. 

7^ Mechanic Potoers, — The following instruments are 
included under a set of mechanic powers: 1. Several sys- 
tems of various kinds of pulleys. 2. The various kinds of 
levers. 3. Inclined plane and carriage. 4. Wheel and 
axle. 5. Wedge. 6. Screw. Also a set of weights to 
Qfle whh tbem« 

18 
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The P alley H.—(V\^. 153, iis «l)ove.)— The pulleys in 
mounted on a neat polished mahogany base, 30 inches loiy 
tnd 8 inches wide, with turned columns, 24 inches high, be- 
hind which are fastened narrow scales, divided into inelMi 
and parts thereof, the one scale numbering from the top^ 
tnd the other from the bottom, having a cord drawn aerM 
the frame at each inch, dividing the whole into twenty-foir 
equal parts, for observing the distance each weight paaM 
tlm)ugh in use. The pulleys and their mountings are math 
of bnss, highly polished, having steel centres, cotmeotaij 
with which is a set of brass weights from | oz. to 16 ' ' ' " 
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le 1>est instniments there are seyen systems of pnlleja, 
a fixed pullej with one wheel or sheave^ turning on 
by a cord ; 2. one fixed and one movable pulley con- 
; d. two fixed pulleys in one block, and two movable 
I in one block ; 4. two fixed pulleys in one block, the 
)ove the other, and two movable pulleys one above 
ler ; 5. three pulleys arranged as the last in both the 
r and fixed pulley ; 6. a fixed pulley and four single 
I, having the cord supported from a fixed point ; 7. 
B pulley, which consists of a fixed pulley, having five 
e concentric grooves on the face of the wheel, with 
ers, as 1, 3, 5, and one movable pulley with another 
rheel, having corresponding grooves with diameters, 
, 6, on the lower block ; the cord being passed in sue- 
over the grooves, as represented in the cut, it will be 
I off by the action of the power in the same manner 
rery groove formed a separate and independently re- 
[ wheel. 

to be observed in using the pulleys, that the pulley 
be balanced before the weights, representing the 
are applied ; for this purpose a cup with hooks is 
id, into which shot is placed till the pulley is accu- 
balanced. 

B, with levers, screw, inclined plane, wheel 
and axis, and set of brass weights, - $35.00. 

Levers, — ^The principal lever (Fig. 153, opposite page) 
r of brass about twelve inches long, supported on a 
iTOt, called the fulcrum, at about four inches from 
1, which end is made thicker than the longer one, 
ey may equally balance. On the under side of the 
\ a succession of hooks, at one inch from the fulcrum, 
>m each other, for the whole length ; and on the up- 
e of the lever a succession of hooks, on the longer 
ly. The lever is attached by its fulcrum to the upper 
' the frame supporting the pulleys. Over the lever 
me supported by two brass pillars, having a sliding 
which may be placed in such a manner as to carry 
d from any of the hooks on the upper side of the 
is would be required in using the lever in the second 
ird order. On the top of the frame there is a series 
je levers, the shorter arm of the one acting on the 
arm of the next, forming a compound lever. Alao^ 
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a bent leyer, biymg holes at tbe distance of one ineli apiii 
in both arms, and supported on a brass pillar, near whidi v 
placed another brass pillar, on the upper part of wliifli 
there is a frame with sliding pulley, that can be set at aw 
height required for supporting the cord from the arm of 
the bent lever. 



Fiff. 154. 
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The Inclined Plane. — (Fig. 154, as above.)— Thk. 
sists of two flat pieces of mahogany, about twelve ii 
long and five inches wide, movable on a joint at one ,, 
and having a graduated semicircular arch divided intii 
grees, and numbered from 0° to 90° both ways, and ' 
a clamp, spring, and milled -head screw, to fasten it 
angle desired ; at the other end of the plane is fiiifil 
pulley. A small carriage rolling on three wheels, andctft 
size to move conveniently on the inclined plane, and 
in^ exactly four ounces, is used for showing the power 
bemg attached to a silk cord, which is passed o\ 
pulley, and the weight attached to the end ; if tha 
of the inclined plane be twice its elevation, two ounces 
balance the carriage weighing four ounces, and the 
weight added to it will draw it up. 

The Wedffe.—{¥ig. 155.) ^^- «»• 

— This is usually formed 
of two equally inclined 
surfaces, hinged together 
at the base, and when 
open forming two inclined 

planes, and when closed, a wedge; is usually madaj 
mahogany, about eight inches long. The principal VM 
the wedge consists in its being urged by the gtroka i 
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imer, mallet, <fec. A smart blow of a hammer of half a 
nd weight, overcoming more resistance than the weight 
iiany pounds laid on the top of the wedge. 

rhe Screw, — (Fig. 166, as below) — ^This piece of appa- 
18 consists of a screw, about 8 inches long, entering a 
rd s\ipported on a base by two pillars ; in the top of the 
iw there is a hole for the introduction of a lever. Fixed 
he same frame there is usually a brass spiral in the form 
he thread of a screw, having a lever, or handle, project- 
through the frame, by which it is turned, and is used in 
•laining the screw as an incUned plane, used in connexion 
li the lever. 

Fig. 157. 



Fig: 156. 




rhe Wheel and Axis, — (Fig. 16Y, as above,) — ^This ap- 
atus consists of a mahogany wheel, the diameter in the 
ove being 5 inches, on the side of which is a smaller 
ael of 2^ inches diameter ; they are mounted on an axis, 
diameter of which near the wheel is one inch, and the 
er end half an inch. Both of these have silk cords fixed 
hem, for suspending the weights ; the axis is supported 
he ends by small pivots, moving in a brass frame, which 
isually attached to the frame supporting the system of 
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Fig.l68L 




The above cut (Fig. 158) represents a set of mechuii 
powers, in which arrangement a few of the articles an 
modified, having the four most important systems of piille}! 
arranged as those described, and having two straight kniv 
on the frame, and one bent lever, and a movable pulley it* 
tached to a brass pillar with a nut on the bottom, by whkl 
it can be shifted to different holes in the top of the frM 
for passing the cord over, in using the lever in the 
and third order, and also for the bent lever ; the 
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lae, wheel and axis, wedge and screw, are the lame aa 
lacribed in the preceding set. 

Price, complete with inclined plane, wedge, 

acrew, and brass weights, $16.00. 

Fiff.i5a 




Improved Set cf Mechanic Powers. — (See Fig. 159, as 
bove.) — ^In this elegant set of mechanic powers, there are 
ve arrangements, or systems of pulleys ; others may be 
ude by futering the cords. On the top of the frame there 
I mounted a wheel and axis, the axis being one inch in 
r, and there being three different diameters to the 
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wheel, two, five, and ten inches, also having a numher of 
spokes, or handles, on the circumference. 

The levers are conveniently arranged on a separate stand, 
the principal one being arranged for explaining the balance. 

The inclined plane and wedge are mounted also on a 
separate stand. 

The screw has a brass spiral, mounted in the same firame, 
for conveniently explaining this power. 

A set of brass weights accompany the set, from twentj 
ounces down to one quarter of an ounce. 

There is also added an apparatus for the showing the 
composition and resolution of forces. 

The frames are made uniform, and the three first instni< 
ments are about three feet high, the brass work higblj 
finished, and the wood work well poliahed, fomuDg aa 
imposing apparatus. 

Price, for the whole, mounted on four frames, $60.00. 

The Pulleys. — Two equal weights suspended to the ends 
of a string that goes over a fixM pulley, will balance each 
other, for they are equally stretched by the weights, and if 
either of them be pulled down through any given space, tlie 
other will rise through an equal spaoe in the same time; 
and, consequently, as the velocity and the weights are equal 
they must balance. 

Though this pulley gives no mechanical advantage, it is a 
source of g^reat convenience, as it takes off the necessity a 
man would be otherwise under of ascending along with tlie 
weight, and thus lessens his labor; besides having ihii 
further convenience, that by means thereof the joint strength 
of several persons may be made use of to raise the same 
weight. Either of the two first pulleys, a, in this set ffi«. 
159) may be used to illustrate this arrangement, in wlucli 
case the movable pulley represented m the plate is discoo* 
nected. 

B. The Movable Pulley in this arrangement has a weifflit 
hanging at the lower end, and one end of the cord gomff 
round the pulley, is fastened to a hook in the lower part oi 
the fixed pulley above, while the other end goes over the 
fixed pulley, and is sustained by the weight. The two eordi 
support the whole weight, each supportmg one half; what* 
ever holds the upper end of either rope, sustains one biV 
the weight. If you take hold of the cord and pull upwwfc 
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YOU win feel only half the weight, the cord attached to the 
hook supporting the other half ; if you put the cord over 
the fixed pulley, this only changes the direction, and, there- 
fore, in pulling the cord downwards, you only feel half the 
weight ; one ounce suspended from the cord passing over 
the fixed pulley, will bsdance two ounces from the movable 
pulley, and you will be enabled to lift twice as much weight 
by the assistance of a single movable pulley, as you could 
raise by your own actual strength. Tlie power moves twice 
as fast as the pulley with the weight ; therefore, the space 
described by the power will be equal to twice the space 
described by the weight, or the velocity of the weight is to 
that of the power as one to two ; and it will be observed 
that when the weight has been raised two inches, the power 
has descended four inches. 

c. When the upper and fixed block contains two pulleys, 
which only turn on their axis, and the lower movable block 
contains also two, which not only turn on their axis, but 
rise with the block and weight, the advantage gained is as 
four to one. 

D. When there are three pulleys in the fixed block, and 
three in the movable one, d, and the number of cords six, 
the power is as six to one ; the advantage is the same whe- 
ther the pulleys are placed parallel to or under each other. 

E. In this arrangement the pulleys do not, as in the pre- 
ceding systems, rise together in one block with the weight, 
but act upon one another, so that each pulley doubles the 
power. A power of one ounce will be in equilibrio with 
two ounces at the first movable pulley, with four at the 
second, with eight at the third ; and the velocity of the 
power will be eight times that of the weight. 

White's pulley described in the first set of mechanic pow- 
ers is sometimes added to this set. 

The Wheel and Axis (Fig. 159, page 151) is a machme 
much used, and which is applied in a variety of forms. The 
power acts on the circumference of the wheel ; the weight 
IS fastened to one end of a cord or rope, whose other end 
winds round an axis that turns with the wheel. The axis, 
», and wheel, a, in Fig. 159, are fastened together so that 
one cannot move without the otlier ; when a weight, w, is 
to be raised by this engine, it is fixed to the end that goes 
vonnd the axis, but the power, p, is applied to one of the 



154 BXSJ. TIXX% J&.« D10O&IPTXVS OAVALOGUS. 

several circumferences of the wheel. Pulling at the rope,?, 
to turn the wheel once round, as much cord must be mnwn 
ofif as winds once about the circumference of the wheel, and 
the cord to which the weight is suspended will wind once 
around the axis, and the weight raised through as much 
space as the circumference of the axis. If the diameter of 
the wheel be ten inches, and the diameter of the axis be one 
inch, then one ounce acting as a power, p, will balance ten 
ounces as a weight, w ; and a small additional weight will 
cause it to descend, and turn the wheel and its axis, and so 
rabe the weight, w ; and for every inch the weight rises, the 
power, p, will fall ten inches ; if the diameter of the wheel 
be five inches, it will balance with two ounces applied as a 
power, and descend five inches ; or, supposing one ounce to 
be the power, it will balance a weight of five ounces at the 
axis ; if the diameter be two inches, or of any other size, the 
same proportions will be maintained. The wheel and axis 
may be considered as a lever, whose fulcrum is a line passing 
through the centre of the wheel and middle of the axis, and 
whose long and short arms are the radii of the wheel and 
axis that are parallel to the horizon, and from whose extre- 
mities the chords hang perpendicularly. Suppose that the 
power does not act by a rope winding round a wheel, but 
that it is moved by a man's strength applied immediately to 
the spokes or handles, i, h, k ; if the man first lay hold of 
the handle, h, and push it down to k, his hand passes through 
the space, h k, and the handle will be brought down to x; 
he then lays hold of i, and pushes it to h, and so on till he 
has turned the wheel once round ; and his hand, which is 
now the power, will describe the whole circumference of a 
circle, which is to be considered as the circumference of the 
wheel. A wheel and axis may therefore be considered as a 
kind of perpetual lever, on whose arms the power and 
weight always act perpendicularly, though the lever turns 
round its fulcrum ; and in like manner, when wheels and 
axis move each other by means of teeth on their circumfeF' 
ence, such a machine may be considered as a perpetual 
compound lever. 

The Levers. — (Fig. 160, next page.)— In this snnmgement 
of levers, there is a brass beam or lever, a, having anns of 
equal lencfth, supported on its fulcrum at the side of the 
{Hilar, which pillar is attached to a mahogany base ; in eaeh 
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of the lever there are eight holes, one inch apart, for 
the purpose of attaching weights^ or the scale pans, when 
used to illustrate the halance. By this arrangement the 
lerers of the three orders may he readily illustrated ; in the 
second and third order the pulleys, b, supported hy a pillar 
which is placed on the top of the frame, are used for sup' 
porting the cord over the lever ; this pillar is movahle in a 
groove, and may he fixed in any position required, and fas- 
tened hy a thumh-screw projecting heneath the frame. 

There are also two levers, c, d, of diflferent lengths, that 
at one end have a counterpoise consisting of a hrass ball, 
and which may be used as levers of the second and third 
orders — ^the smaller one being represented in the cut as 
arranged in the second order, having a weight of six ounces 
supported at two inches from the axis, balanced by a weight 
of two ounces supported at six inches from the axis, the 
cord being supported by one of the movable pulleys, b. 

The BmU Lever is represented at e, supporting a weight 
on the horisontal arm, of six ounces, at a distance of two 
inehes from tbe axis, and balanced by a weight of two onnoss 
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at a distance of six inches on the upright arm ; the cord in 
this case also passing over and being supported by one of 
the movable pulleys, b. Each of the leyers on the upper 
frame may be moved, or taken away, by loosening the thumb 
screw attached, and the two levers may be arranged to illus- 
trate a compound lever, and also nuiy be arranged for ifaii 
purpose, connected with the lever a, attached to the pillar. 

The Inclined Plane, represented in Fig. I7l, consists oft 
mahogany board, about 16 inches long and 8 or 4 hiohfli 
wide, hinged on the top of the frame and movable, having t 
graduated arch, with screw to fasten it at any angle required. 

Fig. isi. 
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There is a pulley at the end for supporting a cord from &e 
carriage, which carriage is on three wheek, and weighs ex- 
actly four ounces. If the inclined plane be fixed at a height 
equal to one-half the length of the plane and the carriage 
placed thereon, having a cord passed over the pulley, and a 
weight of two ounces attached thereto, it will be exactly 
hahiDced ; or if the inclined plane be fixed at aheight equal 
to ooe-fonrth the kngCb of \AMi^\Knia, cnft oraohM ijtei^id ta 
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lihe cord will balance the carriage, weij^hmg four ounoefy 
ind a small additional weight will draw it up. 

The Wedge. — ^To the frame there are hinged two maho- 
a;an7 boards, which are drawn tc^ether by a brass frame- 
work, to which cords are attached, which pass over and are 
supported by pulleys, having weights at the lower ends of 
the cords. Rollers are also fixed in this frame-work, against 
which a wedge is introduced, having a cord and weight at- 
tached, which weight, with that of the wedge, is to be con- 
sidered as that of the impelling power. The weights at- 
tached to the cords and supported over the pulleys, are to 
be considered as the resistance of the wood acting equally 
against the opposite sides of the wedge. If the back of the 
wedge, D, is of the same length as each of the sides, the 
wedge, with a weight sufficient to make it equal ten ounces, 
will be in equilibrio against ten ounces, suspended from each 
of the cords, b and o. If the back of the wedge, e, be equal to 
one half the length of each of the sides, it will be in eqmlibrio 
with twenty ounces from each of the cords, b and c, or the 
power is to the weight as the back to the sum of the sides. 

Fig. 162. 




The Screw (Fig. 162, as above) consists of two parts, a 
solid cylinder, around the surface of which passes what is 
called the thread of the screw, and a corresponding cylin- 
drical cavity. 

One part is commonly fixed, whilst the other is turned 
round ; and in each revolution the movable part is carried 
in the direction of the cylinder, through a space equal in 
length to the interval between two contiguous threads. A 
screw is seldom used without the application of a lever to 
assist in turning it ; consequently, as much as the circumfer- 
ence of a circle, described by this handle or winch, is greater 
than th« intervals cfr distance between i\ie v^i«^« v^ tdbqi^ 

14 
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is the force of the screw. Suppocdn^ the distance betweOA 
the spirals to be one quarter of an inch, and the length of 
the winch to be six inches, the circle described hy the 
handle of the winch, where the power acts, is nearijr 88 
inches, or 152 quarter inches, and consequentlj 152 tunes 
as great as the distance between the spirals ; and, therefore* 
a power at the handle, where the power acts, of no mon 
than one pound, will balance 152 pounds acting against the 
screw, and as much additional power as is suffidient to o▼e^ 
come the friction, will raise the 152 pounds. 

ApparatiLS for the Composition and Resolution of JFbrees. — 
(Fi^. 163.) — ^This consists of a round table, usually about 
18 mches in diameter, to the edge of which may be fixed 
any number of brass pulleys, varying their duectaim at 

Fig. ir>3. 




pleasure. To use, place a circular paper upon the round 
•table, so that its centre may coincide with that of the taUe. 
Upon this paper a tnan^\« x ^ c \» ^^\meated« whose ndes 
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are to one another, as 2, 3, and 4. Draw o i parallel to 
^ B, and continue ▲ o towards d. 

I take three strings, which are joined in one point hy a 
knot ; and plaoinff the point over c, stretch the strings over 
o Dy o £» c B, and place the pulleys, t, t, t, to coincide with 
the direction of the strings ; then putting the strings over 
their respective pulleys, at the end of the thread, c d, sus- 
pend a weight of four pounds, to o e three pounds, and to 
o B two pounds. These weights will remain in equilibrio 
while the knot remains over o ; but if it be removed out of 
that point, they will not be at rest. 

It is evident from this experiment, that power is always 
lost in the composition of forces; for here a weight of 
three pounds, and another of two, only counterpoise a 
weight of four. 

Screw Press. — (Fig. 164.) — ^This represents a small model 
of a screw, as mounted in a press, extensively used in the 
arts, as for pressing cotton, for book-bmders, etc. 

Price, $2.25. 

Fig. 165. 
F|f:164 





Th£ EndJLesi Screw.— {Fig. 166.)— This consists 
screw combined with a wheel and axle, in such a manner 
that the threads of the screw work into the teeth fixed on 
the periphery of the wheel. Suppose the power applied to 
the handle of the screw, and the weight attached to the 
axle of the wheel, then there will be equilibrium when the 
power is to the weight as the distance between the threads 
multiplied by the radius of the axle, is to the length of the 
lever or handle, multipUed by the radius of the wheel. 

Price, in br^sa, t^.V^. 



160 Bxirj. pm'8, jr., DtsoKipnyi oATALoeira. 

7%e Capstcm.'—{Fig. 166.) — One of the most effident 
forms of the wheel and axle is the capstan, used on board 
of ships and in dock-yards. It consists of a yertical spindk 
fixed firmly as in the deck of the Tessel, bat turning on ill 
axis, and supporting a drum, or solid cylinder oonneetel 
with it, and having its periphery pierced with holes dirertii 
towards its centre. It is then worked by long leren^ ii> 
serted in the holes, by men who walk in sucoeauoa iMli 
the capstan, and thus make it rerolTO ; a rope or oiMl 
wound about the axle may act with force snfficient to mi^ 
a ponderous anchor, or warp a heavy laden vessel mo 
harbor. 

Small models made in mahogany, 6 inches high, sensH 
illustrate the use of this instrument. Price, tS JW. 

Fig. 166. Fig. 187. 





Double Cone and Inclined Plane. — (Fig. 167.) — lUl bs 
simple mechanical experiment, to show £at although it as 
natural law that the centre of gravity of a body ahrsjs 
tends to, and endeavors to obtain the lowest statio^ fit 
there may be cases in which it appears to roll upwards*. 

The double cone rests upon the two sides of a i' 
railway ; if the cone be placed at the narrow end of i 
will roll towards the other, and as the other is the 
end, the cone appears to roll upwards ; though upon i 
ing the height of the apex at each end, at the bet 
and end of its course, it will be seen that in reality it i 
downwards ; the centre of gravity being situated in the sxii> 
Price, tl.OO to 18.00. 

" with screws, $8.00. 

The Whirling Table.— K description of the whirling tsbk, 
or machine for exhibiting and demonstrating by ezperimrati 
the nature of central forces, or the principal laws of gravita- 
tion of the planetary motions in their orbits : 

The whirling-table may be considered by a lecturer as is 
essential part of his mechanical apparatus. 
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(Fig. 168, as above.) — ^A A is a strong frame of wood, 
B a winch or handle fixed on the axis, C, of the wheel, D» 
round which is the catgut string, F, which also goes roond 

14* 
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ce Buul vr'*-**i=k f JBL z. .?BHBs£ " u p A^ Bie u tliem and iha 
^•^iL ■'■:*-.—.. ; T -fc 3r:»ir dm. .r ^b* &xs of thewlied 
• ::-: —a*:. » r:!-i. r- i *;r--¥- -ab* b«?er, M. On 
:ix: .^jr L _►: •*■►-•... £. 5. ~t*i ::!►? :»*ij«r. XTZ: and it 
* t*. . •:- LUL w-t'i HI- v-3» :. ?. js TTzraed. the wheek 
^aia »:>tr*'r> .i"^ •'ii iiL--. •* ^'iirv.xrz larariL. 

^-.- . ►T^iT^r .-la . »*.r-^ =a-i ani. «=?p»»d liglit into it lif 

^il.t "i :.»T -^i.riu:. 2-3L.. WIT"! iieaW SZS ITP nUCTeWCtl 

£►: » : •?*> ^i. - T ^r* »Ti j't: 2 .r^sr "^ e^tanee balk U 
mu V ::•. i/.T ::.''.T :i»r vr*^ ^ts ke«pis«: tlie bab 
u; .- -ii ...t. -i.^iiL ::•? ^T»i»x >rt«.nw- "SKaiL A strong aOk 
jif: .'•:'? -• ■4:^-. -i^.-: -a^, :i?* a- isr^i v s as anv lengtk 
r-.!ii ..-t - ..:- •- LT •twi'rr l is. r^,!. &^ .>r>:;asaoci reqnira) 
jv : .-^.■■i-.-m .^ :_•: oc \ Ut :i4j. ZTie shsiik of ths 
:<■ - V , -:* - . -T t»r.r* I "::•? r**l. mf Te eaBcs the lin0 
^t-T^-. ..I ...•.-:■■ s:.- \ :iT :-..r :::»i c r'.-iK lirw^. Hie 

air: , -- .- •:! ..•: :ri^. ;i2U IC-^rr A SYTAj, p^sljej fixcd k 

'X.K zii.^:-: .'. :.-: :-.-u.-*Tr :i>rTx ir :ar-:(i]n a sxket m the 
"•j-^-. .'.i-T **: > :iiu r a ".ixt Tmmi-e :c Air& Kaaim'; thea 
-.c;'. *;;;•. i r*.. :i U-: !ii'-:*il«r -I Vile T-»aw K 2* xop, O and 
? -•- :-i.. : -.-^T • ui'-i. ^ uisc i^>:r A sOBiL r«iZrfj en the to|S 
.'. •_';-:> .-. *:: vi^-u;: ::•= sun*: ▼:*" ia»i i? 1= IdtK fastened to 
'jiK i, :?:•::■ :a»i\': -»ir *>;*?« isfti n :at? iraaijig d the abore 
Hi-; .. .uit* '•.'^•-i r.^.ir Ti*;^ 7i:i:c>Sw S lai T. s!ide up 
afl'-. -■. .*.'i ii.-ju ".::»: 7ul:vi> 5upt?«jr;n'i~i:«i v^-ir. The bait 
^•^ ':ii.»:> :Tui^: Ilia- .Mia»r'.'.t«i. r»i*.i ":t u r^aniralar fine, 

"J3»: :QUs. >i lini >' -t" -jiks -rrsTv-C'?'* >»ren^ the TOimd 
Ti&te^ > :iaa T "v i, :c ii-i vn ir a: iie ^ of their le- 

acnirr -£ "jr^*^. lad s«:ain: .i f-.^ir -.j S; occasionallT put 
w.r.:.n -.iirr vjT-rs, A;id r. 'a7«.a -.^r? r.'oai pLitesw SuidT: 
eai.a TT-si^ii: jcivjiu; .i r-.-ozc i-.l-i ui :he middle of it, for 
^*.i^4 •i>.Q 'Jie sock-?:* :r lits :z :J:e plates, and is sfit 
tr-joi ije -•ii'^ w m^ aorf. for Jillowittr w to be alipt orer 
the iii'jpiSiiid line. wiiiL-ix com^ ir»:nx e^ca ball to its respee- 

Tht '-xperja-en--* to be made bj this michxne are as fol- 
lows : — 

1. T/u! pr^j^Lsitu of nuitter to keep the itixt^ it U I'ji. — ^Take 
away the bearer, M X, and fasten on the round board (Fig. 
169^ opposite page), and the ivory ball, a, to which the Une 
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or rilk cord, h, ia fast- ^' ^^^ 

ened at one end ; and 



having made a loop 
on the other end of 
the cord, put the loop 
over a pin fixed in the 
centre of the board, 
d. Then turning the 
-winch, B, to give the board a whirling motion, you will see 
that the ball does not immediately begin to move with the 
board, but, on account of its inacti\ity, it endeavors to con- 
tiiiue in the state of rest which it was in before. Continue 
turning until the board communicates an equal degree of 
motion with its own to the ball, and then turning on, you 
-will perceive that the ball wUl remain upon one part of the 
board, keeping the same velocity with it, and having no re- 
lative motion upon it, as is the case with ever}^tlung that 
lies loose upon the plane surface of the earth, which, having 
the motion of the earth communicated to it, never endeavors 
to remove from that place. But stop the board suddenly 
by hand, and the ball will go on, and continue to revolve 
upon the board imtil the friction thereof stops its motion ; 
-which shows, that matter being once put in motion, will 
continue to move for ever, if it meet with no resistance. In 
like manner, if a person stands upright in a boat, before it 
begins to move he can stand firm ; but the moment the boat 
■ets off, he is in danger of falling towards that place which 
the boat departs from ; because, as matter, he has no natural 
propensity to move. "iSut when he acquires the motion of 
the boat, let it be ever so swift, if it be smooth and uniform, 
he will stand as upright and as firm as if he were on the plane 
shore ; and if the boat strike against any obstacle, he will 
fall towards that obstacle, on account of the propensity he 
has, as matter, to keep the motion which the boat has put 
him into. 

2. Take away this ball, and put a longer cord to it, which 
may be put down through the hollow axis of the bearer, 
H A, and wheel, G, and fix a weight to the end of the 
cord below the machine ; which weight, if left at liberty, 
will draw the ball from the edge of the whirling board to 
its centre. 

Bodies moving in orbits have a tendency to fly out of these 
orbits. — ^Draw off the ball a little from the centre, and turn 
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ihe wmcb ; then the ball ¥rill go round and round with the 
board, and will gradually fly off further and further from tbe 
centre, and raise up the weight below the machine ; which 
shows, that all bodies revolving in circles have a tendency 
to fly off from these circles, and must have some power 
acting upon them from the centre of motion, to keep them 
from flying off. Stop the machine, and the ball will con- 
tinue to revolve for some time upon the board ; but as the 
friction gradually stops its motion, the weight acting up<Hi 
it will bring it nearer and nearer to the centre in every revo- 
lution, until it brings it quite thither. This shows, that if 
the planets met with any resistance in going round the sun, 
its attractive power would bring them nearer and nearer to 
it in every revolution, until they fell upon it. 

3. Bodies move faster in small orbits than in largt ones.-^ 
Take hold of the cord below the machine with one hand, 
and with the other throw the ball upon the round board as 
it were at right angles to the cord, by which means it will 
go round and round upon the board. Then observing with 
what velocity it moves, pull the cord below the machine, 
which will bring the ball nearer to the centre of the board, 
and you will see, that the nearer the ball is drawn to the 
centre, the faster it will revolve ; as those planets which are 
nearer the sun revolve faster than those which are more re- 
mote ; and not only go round sooner, because they describe 
smaller circles, but even move faster in every part of thor 
respective circles. 

4. Their centrifugal forces shovm. — ^Take away this ball, 
and apply the bearer, M X, whose centre of motion is in its 
middle at w. Then put two balls, V and U, of equal weights 
upon their bearing wires, and having fixed them at equal 
distances from their respective centres of motion, to and a?, 
upon their silk cords, by the screw nuts, put equal weights 
in the towers O and P. Lastly, put the catgut strings, E 
and F, upon the grooves, G and H, of the small wheeb, 
which, being of equal diameters, will give equal velocities 
to the bearers above, when the winch, B, is turned : and the 
balls, U and V, will fly off towards M and N ; and will 
raise the weights in the towers at the same instant. This 
shows, that when bodies of equal quantities of matter revolve 
in equal circles with equal velocities, their centrifugal forces 
are equal. 

5. Take away these ecjosd balla, and instead of them put 
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a ball of nz ounces into the bearer, M X, at a sixth part of 
the distance, to z, from the centre, and put a ball of one 
ounce into the opposite bearer, at the whole distance, x y, 
which is equal U} w z, from the centre of the bearer ; and 
fix the balls at these distances on their cords, by the screw 
nuts at top, and then the ball U, which is six times as heavy 
as the ball V, will be only a sixth part of the distance from 
its centre of motion ; and, conseqjuently, will revolve in a 
circle of only a sixth part of the circumference of the circle 
in which V revolves. Now, let any equal weights be put 
into the towers, and the machine be turned by the winch, 
which, as the catgut string is on equal wheels below, will 
cause the balls to revolve in equal times, but V will move 
six times as fast as U, because it revolves in a circle of six 
times its radius ; and both the weights in the towers will 
rise at once. This shows that the centrifugal forces of re- 
volving bodies, or their tendencies to fly off from the circles 
they describe, are in direct proportion to their quantities of 
matter multiplied into their respective velocities; or into 
their distances from the centres of their respective circles. 
For, suppose U, which weighs six ounces, to be two inches 
from its centre of motion, Wy the weight multiplied by the 
dbtance, is 12 ; and supposing T, which weighs only one 
ounce, to be 12 inches distant from the centre of motion, a?, 
the weight one ounce, multiplied by the distance, 12 inches, 
is 12. And as they revolve in equal times, their velocities 
are as their distances from the centre, namely, as 1 to 6. 

If these two balls be fixed at equal distances from their 
respective centres of motion, they will move with equal 
velocities; and if the tower, 0, have six times as much 
weight put into it, as the tower, P, has, the balls will raise 
their weight exactly at the same moment. This shows that 
the ball U, being six times as heavy as the ball V, has six 
times as much centrifugal force, in describing an equal circle 
with an equal velocity. 

6. A double velocity in the same circle is a balance to a 
qtuidruple power of gravity. — If bodies of equal weights re- 
volve in equal circles with unequal velocities, their centri- 
fugal forces are as the squares of the velocities. To prove 
this law by an experiment, let two balls, U and V, of 
equal weights, be fixed on their cords at equal distances 
from their respective centres of motions, w and x ; and then 
let the catgut string, E, be put round the wheel, K, whose 
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cireninference is only one-balf of the cirenrnference of fhB 
wheel, H or G, and over the pulley, «, to keep it tight ; and 
let four times as much weight be put into the tower, P, as 
into the tower, O. Then turn the ¥rinch, B, and the ball,y, 
will revolve twice as fast as the ball U, in a circle of the same 
diameter, because they are equidistant from the centres of 
the circles in which they revolve ; and the weights in the 
towers will both rise at the same instant ; which shows, that 
a double velocity in the same circle will exactly balance a 
quadruple power of attraction in the centre of the circle. 
For the weights in the towers may be considered as the at- 
tractive forces in the centres, acting upon the revolving 
balls ; which, moving in equal circles, is the same thing as 
if they moved in one and the same circle. 

7. If bodies of unequal weights revolve in unequal circles, 
in such a manner that the squares of the times of their 
going round are as the cubes of their distances from the 
centres of the circles they describe ; their centrifugal forces 
are inversely as the squares of their distances from those 
centres. For, the catgut string remaining as in the last ex- 
periment, let the distance of the ball, V, from the centre, x, 
be made equal to two of the cross divisions on its bearer; 
and the distance of the ball, U, from the centre, w, be 
three and a sixth part ; the balls themselves being of equal 
weights, and V making two revolutions by turning the 
winch, in the time that U makes one ; so that if we suppose 
the ball, V, to revolve in one second, the ball, U, wul re- 
volve in two seconds, the squares of which are one and four, 
for the square of 1 is only 1, and the square of 2 is 4; 
therefore the square of the period, or revolution of the ball, 
V, is contained four times in the square of the period of the 
ball, U. But the distance of V is 2, the cube of which is 
8, and the distance of U is 3^, the cube of which is 32, veiy 
nearly, in which 8 is contained four times ; and, therefore, 
the squares of tlie periods of V and U are to one another 
as the cubes of their distances, from x and w, which are the 
centres of their respective circles. And if the weight in the 
tower, O, be four ounces, equal to the square of 2, the dis- 
tance of V from the centre, x ; and the weight in the tower, 
P, be ten ounces, nearly equal to the square of 3^, .the dis- 
tance of U from w ; it will be found, upon turning the 
machine by the winch, that the balls, U and V, will raise 
their respective weighla al l\ie ^i&ft *M^\asi\» of time. Which 
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confiimB that famous proposition of Kepler, viz, Tliat the 
squares of the periodical tunes of the planets round the sun, 
are in proportion to the cubes of their distances from him; 
and that the sun's attraction ]a inversely as the square of 
the distance from his centre ; that is, at twice the distance, 
his attraction is four times less ; and thrice the distance, 
nine times less ; at four times the distance, sixteen times 
less ; and so on to the remotest part of the system. 

8. Take off the cat^t string, % from the great wheel, D, 
and the small wheel, H, and kt the string, F, remain upon 
the wheels D and G. Take away also the bearer, M X, from 
the whirling-board, and instead thereof put the machine, 
A B (Fi^. 170) upon it, fixing this machine to the centre of 
the boara by its screw. In t£is 
machine are two glass tubes, a ^^ ^^ 

and h, close stopped at both i% 
ends, and inclined to an angle ^ 
of 30 or 40 degrees ; and each 
tube is about three quarters full 
of water. In the tube, a, is a 
little quicksilver, which naturally 
falls down to the end a, in the water, because it is heavier 
than its bulk of water ; and on the tube, 6, is a small cork, 
which floats on the top of the water at e, because it is lighter; 
and it is small enough to have liberty to rise or fall in the 
tube. While the wheel, with this machine upon it, continues 
at rest, the quicksilver lies at the bottom of the tube a, 
and the cork floats on the water near the top of the tube h. 
Bat, upon turning the winch, and putting the machine in 
motion, the contents of each tube will fly off towards 
the uppermost ends, which are furthest from the centre of 
motion, the heaviest with the greatest force. Therefore the 
quicksilver in the tube, a, will fly off quite to the end/, and 
occupy its bulk of space, there excluding the water from that 
place, because it is lighter than quicksilver ; but the water 
m the tube, h, flying off to its higher end, e, will exclude the 
cork from that place, and cause the cork to descend towards 
the lowermost end of the tube, where it will remain upon 
the lowest end of the water, near h ; for the heavier body, 
having the greater centrifugal force, will therefore possess 
the uppermost part of the tube ; and the lighter body will 
keep between the heavier and the lowermost part. 

0. ^embody move round another y both of thru mtMt tiurat 
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rmaid their camnum centre €f gravity. — ^If a bodj be so placed 
on the wbirling-board of the machine, that the centre of 
gravity of the l^y be directly over the centre of the board, 
and the board be put into ever so rapid a motion by the 
winch, B, the body will turn round with the board, but will 
not remove from the middle of it ; for, as all parts of the 
body are in equilibrio round its centre of gravity, and the 
centre of gravity is at rest in the centre of motion, the cen- 
trifugal force of all parts of the body will be equal at equal 
distances from its centre of motion, and therefore the body 
will remain in its place. But, if the centre of gravity be 
placed ever so little out of the centre of motion, and the 
machme be turned swiftly round, the body will fly oflf to- 
wards that side of the board on which its centre of gravity 
lies. Thus, if the wire, C, with its little ball, B (Fig. lYj), 
be taken away from the demiglobe A, and the flat side, «/, 
of this demi-globe be laid upon the whirling -board of the 
machine, so that their centres may coincide ; if then the 
board be turned ever so quick by the winch, the demi-globe 

Fig. ITL 




will remain where it was placed. But if the wire, C, be 
screwed into the demi-globe at d, the whole becomes one 
body, whose centre of gravity is now at or near rf. Let the 
pin, c, be fixed in the centre of the whirling-board, and the 
deep groove, h, cut in the flat side of the demi-globe, be put 
upon the pin, so that the pin may be in the centre of A, 
and let the whirling- board be turned by the winch, which 
will carry the little ball, B, with its wire, C, and the demi- 
globe, A, all round the centre pin, c i ; and then, the centri- 
fugal force of the little ball, B, which weighs only one ounce, 
will be so great as to draw off the demi-globe. A, which 
weighs two pounds, imtil the end of the groove, at e, strikes 
against the pin, c, and so prevents the demi-globe. A, from 
going any further; otherwise, the centrifugal force of B 
would have been great enough to have carried A quite oflF 
the whirling-board; which shows, that if the sun were 
placed in the very centre of the orbits of the planets, it could 
not possibly remam there ; for the centrifugal forces of the 
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planets woM oany them quite off, and the sun with them ; 
especially when several of them happened to be in any one 
quarter of the heavens. For the sun and planets are as 
much connected by the mutual attraction that subsists be- 
tween them, as the bodies A and B are by the wire C, which 
is fixed into them both. And even if there were but one 
aingle planet in the whole heavens to go round ever so laive 
a sun in the centre of its orbit, its centrifugal force womd 
soon carry off both itself and the sun. For, the greatest 
body placed m any part of free space might be easily moved ; 
because, if there were no other body to attract it, it could 
have no weight or gravity of itself; and consequently, 
though it could have no tendency of itself to remove from 
that part of space, yet it might be very easily moved by 
any other substance. 

10. As the centrifugal force of the light body, B, will 
not allow the heavy body, A, to remain in the centre of 
motion, even though it is twenty-four times as heavy as B ; 
let us now take the ball, A (Fig. 172), which weighs six 
ounces, and connect it by the wire, Yig. 172. 

C, with the ball, B, which weighs a . rf s 

only one ounce ; and let the fork, E, ^^^JH^^gg^^ 
be fixed in the centre of the whirl- 
ing-board ; then hang the balls upon 
the fork by the wire, C, in such 
manner, that they may exactly ba- 
lance each other ; which will be 
when the centre of gravity between 
them, in the wire at d, is supported 
by the fork. And this centre of 
gravity is as much nearer to the 
centre of the ball. A, than to the centre of the ball, B, as 
A is heavier than B, allowing for the weight of the wire 
on each side of the fork. This done, let the machine be 
put into motion by the wmch ; and the balls, A and B, will 
go round their common centre of gravity, d, keeping their 
balance, because either will not allow the other to fly off with 
it. For, supposing the ball, B, to weigh only one ounce, and 
the ball. A, to be six ounces ; then, if the wire, C, were 
equally heavy on each side of the fork, the centre of gravity, 
d, would be six times as far from the centre of the ball, B, 
as from that of the ball. A, and, consequently, B will revdlve 
with a velocity six times as great as A does ; which will 
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give B six times as much centrifugal force m aayi 
ounce of A has : but then, as B is only one ounce, and^A 
six ounces, the whole centrifugal force of A will exactlj 
balance the whole centrifugal force of B: and, Uierefore» 
each body will detain the other so as to make it keep in its 
circles. This shows, that the sun and the planets must all 
move round the common centre of gravity of the wbok 
system, in order to preserve that just balance which takes 
place among them. For, the planets being as inactive and 
dead as the above balls, they could no more have put them- 
selves into motion than these balls can ; nor have kept in 
their orbits without being balanced at first with the greatest 
degree of exactness upon their common centre of gravity, 
by the Almighty hand that made them and put them in 
motion. 

Perhaps it may be here asked, that since the centre of 

travity between these balls must be supported by the fork, 
\, in this experiment, what prop it is that supports the 
centre of gravity of the solar system, and consequently 
bears the weight of all the bodies in it ; and by what is the 
prop itself supported ? The answer is easy and plain ; for 
the centre of gravity of our balls must be supported, be* 
cause they gravitate towards the earth, and would therefore 
fall to it : but, as the sun and planets gravitate only towards 
one another, they have nothing else to fall to ; and therefore 
have no occasion for anything to support their common 
centre of gravity : and if they did not move round that cen- 
tre, and consequently acquire a tendency to fly off from it 
by their motions, their mutual attractions would soon bring 
them together ; and so the whole would become one mass 
in the sun : which would also be the case if their velocities 
round the sun were not quick enough to create a centrifugal 
force equal to the sun's attraction. 




11. Take away the fork and balls from the whirling-board, 
and place the frame, A B (Fig. 173), thereon, &bg its 
eeotre to the centre of the whirhng- board by the screw. In 
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ilds frame are twol>all8, D and E, of unequal weights, con- . 
nected by a tnbe, /, and made to slide easily upon the wire, • 
C, stretched from end to end of the frame, and made fast 
by nut-screws on the outside of the ends. Let these balls 
be so placed upon the wire, C, that their common centre of 
gravity, g, may be directly over the centre of the whirling- 
board. Then turn the machine by the winch, ever so swiftly, 
and the trough and balls will go round their centre of gravity, 
so as neither of the balls will fly off; because, on account of 
the equilibrium, each ball detains the other with an equal 
force acting against it. But if the ball, E, be drawn a little 
more towards the end of the frame at A, it will remove the 
centre of gravity towards that end from the centre of mo- 
tion ; and then, upon turning the machine, the little ball, E, 
will fly off, and strike with considerable force against the 
end. A, and draw the great ball, B, mto the middle of the 
frame, or if the great tall, D, be drawn towards the end, B, 
of the frame, so that the centre of gravity may be a little 
towards that end from the centre of motion, and the 
machine be turned by. the winch, the great ball, D, will fly 
off and strike violently against the end, B, of the frame, and 
will bring the little ball, £, into the middle of it. If the 
frame be not made very strong, the ball, D, will break 
through it. 

The earth*8 motion demonstrated. — From the principles 
thus established, it is evident, that the earth moves round 
the sun, and not the sun round the earth ; for the centri- 
fugal law will never allow a great body to move round a 
small one in any orb whatever ; especially when we find, 
that if a small body moves round a great one, the great one 
must also move round the common centre of gravity be- 
tween them. And it is well known, that the quantity of 
matter in the sun is 227,000 times as great as the quantity 
of matter in the earth. 

Now, as the sun's distance from the earth is at least 
81,000,000 of miles, if we divide that distance by 227,000, 
we shall only have 357 for the number of miles that the 
centre of gravity between the sun and earth is distant from 
the sun's centre. And as the sun's semidiameter is one- 
fourth of a degree, which, at so great a distance as that of 
the sun, must be no less than 381,500 miles, if this be 
divided by 867, the quotient will be 1268|, which shows, 
that the common centre of gravity between th^ %>mv. ^\A 
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earth is within the body oi the snn; and is only the 1068| 
part of his semidiameter from his centre towards his sinleMse. 
All globular bodies, whose parts can yield, and which do 
not torn on their axes, must be perfect spheres, because all 
parts of their surfaces are equally attracted towards their 
centres. But all such globes which do turn on their axes 
will be oblate spheroids ; that is, their surfaces will be 
higher, or further from the centre, in the equatorial than in 
the polar regions. For, as the equatorial parts moye 
quickest, they must have the greatest centrifugal force ; and 
will therefore recede furthest from the axis of motion. Thus 
if two circular hoops, A B and C D 
(Fig. 174), made thki and flexible, 
and crossing one another at right 
angles, be turned round their axis, £ 
F, by means of this machine, and the 
axis be loose in the pole or intersec- 
I tion, e, the middle parts A, B, C, D, 
will swell out, so that the whole will 
appear of an oval figure, the equa- 
torial diameter being considerably 
longer than the polar. That our 
earth is of this figure is demonstrable 
from actual measurement of some 
degrees on its surface, which are found to be longer in the 
frigid zones than in the torrid ; and the diflference is found 
to be such as proves the earth's equatorial diameter to be 
thirty-six miles longer than its axis. Price, $75.00. 

Whirling Table. — A simpler construction of the whirling- 
table is represented in the next page (Fig. IVS), capable of 
performing most of the preceding experiments in a satisfac- 
tory manner. Having all the apparatus of the former, and 
the bearers constructed in a simpler manner, not working so 
elegantly, but being a less costly arrangement, the frame is 
made three feet long and one foot wide. Price, $30.00. 




Fig. ITS. 
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Atwood's Apparatus for making experiments on the Becti- 
9al Motion (^Bodies which are acted on by constant forces. 
rhis elegant and accurate machine, represented in Fig. 176» 
re 175, is the contrivance of Mr. Atwood, and renders 
sible to the eye and ear, by means of a set of friction 
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wheels, yarious weights, and a clock, the laws of motion 
uniformly accelerated or retarded, as well as those of uni- 
form motion, and that without employing a space for the 
weights, of more than five and a half or six feet, which 
causes it to be extremely convenient and demonstrative for 
a course of lectures. 

Mechanical experiments are of two kinds ; the one relating 
to the quiescence of bodies, and the other to their motion. 

Among the former are included those which demonstrate, 
or rather make evident to the senses, the equilibrium of the 
mechanic powers, and the corresponding proportions of the 
weights sustained, to the forces which sustain them, the 
properties of the centre of gravity, the composition and 
resolution of forces, <fec. 

By the latter, or those on motion, are shown the laws of 
collision, of acceleration, and the various effects of forces 
which communicate motion to bodies. 

Of mechanical experiments it may be proper to observe 
to you, that those wherein an equilibrium is formed, will 
frequently appear coincident with the theory, although con- 
siderable errors are committed in their construction. This 
arises from the eflfects of friction, tenacity, and other causes. 
The case is different in experiments concerning the motion 
of bodies ; in which, whatever care be taken to render the 
proportion of the forces, and the weights moved, such as is 
required by the theory ; yet the interference of friction, which 
renders the former apparently more perfect than they really 
are, causes these to differ from the theory. 

If the experiments are only designed to assist the ima- 
gination, by substituting sensible objects instead of abstract 
and ideal quantities, an apparent agreement between the 
theory and experiment may be sufl&cient to answer this pur- 
pose, although it may be produced from an erroneous 
construction : such experiments cannot, however, impress 
the mind with that satisfactory conviction that arises from 
experiments accurately made. 

Dr. Desaguliers tried the effect of fallmg bodies, by letting 
a leaden ball fall from the inner cupola of St. Paul's church, 
whose altitude from the ground is 2*72 feet. The ball de- 
scended through this space in four seconds and a half; m 
which time, from theory, it should have descended through 
325 feet, which makes a difference of about one-fifth of the 
actual descent between the experiment and the theory. Dr. 
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Desaguliers shows, in his fifth lecture, that this difference 
arose principally from the resistance of the air. To remedy 
the defects of these experiments, Mr. Atwood contrived his 
apparatus. 

Of the mass moved, — In order to obtain an adeqnate idea 
of the laws that are observed in the communication of mo- 
tion, and observe the effects of the moving force, the inter- 
ference of all other force should be prevented. The bodies 
impelled should be conceived to exist in free space, and be 
void of gravity or weight ; so that to a given substance va- 
rious degrees of force may be applied. This indeed cannot 
be effected in bodies falling freely near the earth's surface ; 
we cannot abstract the natural gravity or weight from any 
substance whatsoever ; for the same substance is always im- 
pelled by the same force of gpravity, which admits not of 
mcrease or diminution. 

Yet, this difficulty may be obviated by balancing two 
equal weights, joined by a flexible line which goes over a 
pulley. The axle of the pulley must rest on wheels con- 
structed for the purpose oi diminishing friction. 

The motive force of gravity being destroyed by the con- 
trary and equal action of the weights, they will remain 
quiescent till some force is applied to them. When any im- 
pulse is communicated to them in a vertical direction, they 
will afterwards be observed to describe equal spaces in 
equal times, or will move uniformly ; and the velocity com- 
municated will be precisely the same, as if the same impulse 
had been impressed on a quantity of matter equal to the 
two bodies existing in free space without gravity, due allow- 
ance being made for the inertia of the wheels. 

Thus, in this instrument (Fig. 1*76, page 1*75), which is 
constructed to illustrate this subject experimentally, there 
are two equal weights, A, B, affixed to the extremity of a 
very fine and flexible silk line. This line is stretched over a 
brass wheel, abed, movable round a horizontal axis. The 
two weights, A, B, being precisely equal, and acting against 
each other, when the least weight is super-added to either, 
it will preponderate. 

When the weights. A, B, are set in motion by the action 
of any weight, which Mr. Atwood called m, the sum of A 
added to B, added to m, would constitute the whole mass 
moved ; but then there is to be added the inertia of the 
materiaJa which must nece&aanV^ be \tt^ in the eammunica* 
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tbn df motion. These materials are : 1. The large wheel, 
abed; 2. The four brass friction- wheels, on which the 
axle of the wheel, abed, rests ; these wheels are used to 
prevent the loss of motion, which would be occasioned by 
the friction of the axle, if it revolved on an immovable sur- 
face ; 3. The weight of the line ; but this is too inconsider- 
able to have any sensible effect. 

0/ the remtance from the inertia of the pulleys, — If the 
whole mass of the wheels were accumulated in the circum- 
ference of the wheel, abed, its inertia would be truly- 
estimated by the quantity of matter moved. If their iBgures 
were regular, and the density distributed uniformly in each, 
mathematicians would furnish us with rules for finding a 
weight, which, being accumulated uniformly in the circum- 
ference, abed, would exert an inertia equal to that of the 
wheels. But as the figures are wholly irregular, recourse 
must be had to experiment for the discovery of such a 
weight. 

For this purpose a weight of thirty grains was affixed to 
a silk line which did not weigh one-quarter of a grain ; this 
line being wound round the wheel, the weight of thirty 
grains, by descending from rest, communicated motion to 
the wheel, and, by many trials, was observed to describe a 
space of thirty-eight and a half inches in three seconds. 
From these data we find the mass equivalent to the inertia 
to be two ounces and three quarters. This is a mass equi- 
valent to the inertia of the wheel, abed, and the friotipn- 
wheels together.* 

The resistance to motion, therefore, arising from the 
wheel's inertion will be tiie same as if it were absolutely re- 
moved, and a mass of 2 J were accumulated in the circum- 
ference of the wheel, abed. 

This being premised, suspend the pieces, or brass boxes, 
A, B, by a sUk line passing over the wheel, abed, and 
make them balance each other ; now, if I add any weight, 

* Mr. Atwood proves in his work, t that the following formnla 
will give the required mass .£ — =P *» where p signifies the 

weight, 30 gr. ; t the time, 3 seconds ; d the space described by a 
bodv in a second, 16 feet 1 inch, or 193 inches ; s the space described 
by the body, 38.5 inches ; and x the inertia sought. 

That is m figures for the present case, 3om9mi 9 — 30 equal to 
13S3 gndaa, or S 3-4 oz. 3ss 
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m,to A, 80 that it shall descend, the exact qnandtf rf 
matter moved will be ascertained, for it will Ee A added to 
B, added to m, added to 2J oz. 

In order to avoid troublesome computations in adjusting 
the quantities of matter moved, and the moving force, one- 
quarter of an ounce is assumed as a standara weight of 
convenient magnitude, to which all others are referr^ ; tbis 
weight is called m. Now the inertia of the wheel, being 2| 
oz., will be denoted by 11 w ; A and B, the pieces or boxes 
to which the different weights are apphed, are each, together 
with the hooks by which they are suspended, equal 1^ ok. 
or 6 m. We have a variety of diflferent weights, some of 
which are equivalent to 4m, others to 2 m, some equal m, 
and others to aliquot parts thereof. 

If then we apply 19 m to each of the pieces, A B, these, 
with those pieces, will each be equal 25 m, balancing them- 
selves, and the whole mass will be 50 m, which being added 
to 11 w, the inertia of the wheels, the whole mass will be 
61 m; now add m to both A and B, and the whole mass 
will be 63 m, perfectly in equilibrio and movable by the least 
weight, added to either, setting aside the effect of friction, 
in the same manner precisely as if the same weight or foree 
were applied to communicate motion to the mass 68 m, ex- 
isting in a free space and without gravity. 

Of the moving force. — As the natural weight, or gravity, 
of any given substance is constant, and the exact quantity 
easily estimated, we shall apply a weight as a moving force ; 
thus, when the system consists of a mass equal 68 m, I 
apply a weight, m, to A, and it communicates motion to the 
whole system ; the whole quantity of matter moved is 64 
m; the moving force w, this gives us the force which ac- 
celerates the descent of A, being ™m, or } part of the 
accelerated force, by which the bodies descend freely to the 
earth. 

You see by this example, that the moving force may be 
altered without altering the mass moved ; for, suppose the 
three weights m, two of which are placed on A and one on 
B, be removed, then A will balance B. 

Now place the weights 3 m on A, and the moving force 
will be 3 m, and the mass moved 64 as before, and the force 
which accelerates the descent of A equal g^. 

To make the moving force 2m, remove the three weights 
m, A and B will balance one anoWvex, wcv^>}cv^^\tf3sRTR^vs^t 
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will be 61 m; add 1-2 m to A and 1-2 m to B, and the 
mass moved wOl be 61 mr; now place 2 m on A, and the 
mass moved is 64 as before, whereof the force of accelera- 
tion is equal to 1-32 part of the acceleration of gravity. 

0/ the space deecnbed, — ^The body, A, descends, as you 
perceive, in a vertical line, along the scale, C C, which is 
about sixty -four ihches long, and is graduated into inches 
and tenths ; the scale is so adjusted as to be vertical, and 
so placed that the descending weight may fall in the middle 
of the stage D, fixed to receive it at the end of the descent ; 
the beginning of the descent is estimated from O, on the 
scale, when the bottom of A is level or even with ; the 
descent of A is terminated, when the bottom strikes the 
stage ; the situation or distance of the stage may be varied 
at pleasure within the range of thtj sixty-four inches. 

Of the time of Motion. — ^The time of the motion is ob- 
served by the beats of this pendulum, E, affixed to the 
pillar, G, and which vibrates seconds. The number of 
seconds is shown by the index and dial-plate above. 

Many mechanical devices might be applied for lei ting the 
weight, A, begin its descent at the instant of the beat of 
the pendulum; but it is simpler, and Mr. At wood thinks 
better, to let the bottom of the piece, or box, A, when even 
with on the scale, rest on a fiat rod held in the hand 
horizontally, its extremity being coincident with ; by at- 
tending to the beats of the pendulum, you may, with a little 
practice, remove the rod which supports tJie box, at the 
mstant the pendulum beats, so that the descent of A shall 
commence at the same instant. 

Of the velocity acquired.-^l have only now to show you 
in what manner the velocity acquired by the descending 
weight, A, at any given point of the space through which 
it has descended, is made evident to the senses. 

The velocity of A*s descent being continually accelerated, 
will be the same in no two points of the space described ; 
thb is occasioned by the constant action of the moving 
force ; and since the velocity of A, at any instant, is mea- 
sured by the space which would be described by it moving 
uniformly for a given time, with the velocity it had acquired 
at that instant, this measure cannot be experimentally ob- 
tained, but by removing the force which caused the accele- 
ration of the descending body. 

To effect this, there are some weights or moving forcea vtv 
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form of bare or flat rods, m, to be laid on A ; there m abo 
a circular frame, H, to be fixed to the soale at any proper 
height, in such mamier that A will pass centrally through ib; 
when A passes through this frame, it leaves the bar by 
which it had been accelerated on the circular part of the 
frame. After the moving force, m, has been intercepted at 
the end of the given space or time, there will be no force 
operating upon any part of the system to accelerate or re- 
tard its motion, and consequently the instant m is removed, 
A will proceed uniformly with the velocity it had acquired 
that instant, and the velocity being uniform, will be mea- 
sured by the space described in any convenient number d 
seconds. 

It may here be necessary to observe, that Mr. Atwood 
has clearly shown, that the weight of the line can have no 
sensible effect on the experiments, for the inequality of the 
motion occasioned by it does not amount to more than 
To 7V? of a second, a quantity too smaU to be distinguished 
by the senses. 

The resistance of the air does not affect these experi- 
ments ; for, as the greatest velocity communicated in these 
experiments does not exceed 26 inches in a second, and the 
pieces A and B being only- about IJ inch in diameter, the 
resistance of the air can never increase the time of the de- 
scent in so great a proportion as 240 to 241, and will be 
therefore insensible in experiment. 

The effects of friction are almost wholly removed by the 
axis of the wheel, abed, acting on the four friction whe^ 
«» /» 9> h. If the weights, A and B, be balanced in perfect 
equilibrio, and the whole mass consist of 63 m, a weight of 
two grains, added to A or B, will communicate motion to 
the whole, which shows how inconsiderable the friction is ; 
in some cases, however, particularly in experiments on re- 
tarded motion, the effects of friction become sensible, but 
may be very readily and exactly removed by adding rather 
less than two grains to the descending weight ; the weight 
should be always less than what is sufficient to put the 
whole in motion. 

The space which bodies describe in one second, by falling 
freely from rest, is 193 inches; but in the ensuing experi- 
ments, the space is taken at 192 inches, which will be pro- 
ductive of no error, in order to avoid fractions, which would 
render the use of the instrumtMit less easy and intelligible. 
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The pendulum of the clock, which is fixed to the pillar 
of the instrument, vibrates seconds ; it has only one wheel 
which immediately acts on the pendulum : the small weight 
which continues the pendulum's motion, after it has been 
wound up, is half an hour in descending to the ground. 
The clock will be sufficiently exact if it keep time with a 
common well r^ulated clock for this half hour. 

When the axis of the wheel, abed, has been adjusted 
horizontal, let two equal weights, A and B, be suspended 
from the extremities of a silk line of proper length, the 
thickness of which is no greater than is just sufficient to 
sustain the weights. When these weights are perfectly 
quiescent, a small imptdse being applied to either, in a ver- 
tical direction, will set the whole in motion ; which will be 
continued uniform till one of the boxes arrives at the ex- 
tremity of the scale. When the box, A, is at the bottom 
of the scale and quiescent, it must be observed whether the 
middle line on the scale be everywhere exactly opposite to 
the line sustaining A ; or, in other words, whether the line 
in the middle of the scale be in the same vertical plane with 
the line which sustains A. If it be not, the lower extremity 
of the scale must be moved along the arm of the base until 
the adjustment is correct. It is also to be observed, whether 
the line be everywhere at equal perpendicular distances from 
the middle line on the scale : if it be not, the lower extremity 
of the scale must be removed further from, or nearer to the 
silk line, imtil the distances are everywhere equal. The 
middle line on the scale will now bo vertical, and the circular 
frame must be so constructed, that the box. A, may pass 
centrally through it, when the adjustments are correct. 

In letting the box. A, begin to descend at any beat of the 
pendulum, the observer must not wait until he hears the 
beat, at which he intends A's descent shall begin ; for, in 
this case, A's descent will always commence too late ; the 
proper method is to attend to the beats of the pendulum, 
untU an exact idea of their succession is obtained : then the 
extremity of the rod being withdrawn from the bottom of 
the box. A, directly downwards at the instant of any beat, 
the descent will commence at the same instant. 

Having now sufficiently explained the instrument, we shall 
proceed to the construction of some experiments with it. 

Let two equal weights, A and B, be suspended by a line, 
joining them, and gomg over a fixed pulley. If any weight 
13 
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If any body, equal to 64 m, fall freely, or be acted npon 
by its own natural weight, it will describe 192 inches in the 
first second of its fall ; but if the same mass be impelled by 
only -^^ of its accelerating force, or 1 m, it will describe only 
a 64th part of the former space ; that is, only three inches, 
a proportional effect. 

To prove this, let A and B be each made equal to 25 m, 
then will A and B be equal to 50 m ; to this add 1 1 for the 
inertia of the wheels, and we have 61 m; now put 2 m on 
A, and 1 m on B, and the mass moved will be 64 m, and 
the moving force 1 m. 

Set the stage to three inches, and let the weight descend 
as before, and you will find it strike the stage at the first 
second. 

J/ the same force impel different quantities of matter for any 
ffiven tim£, the spaces described from rest will he inversely as 
the qtiantities of matter moved. 

Let the force be m, and the mass. 6 4 m, then the space 
described, during one second, will be three inches. 

Let the force be m, and the mass S2 m, then the space 
described in the same time will be six inches. 

Jf the force be increased or diminished in the same propor- 
Hon toith the mass m>oved, the spaces described from rest in the 
same time, will be eqtial. 

Let w, 2 m, and 4 m, be the moving forces which impel 
the quantities of 32 m, 64 m, 128 m, respectively ; then m 
will impel 32 m through six inches in a second, 2 m will im- 
pel 64 m, and 4 m will impel 128 m through the same space 
m the same time. 

From hence you may infer, that when different quantities 
of matter describe equal spaces in equal times, being accele- 
rated from quiescence, the forces must be in the same pro- 
portion with the quantity of matter moved. 

If a body be vfioved from quiescence during any given time, 
it vnllf at the end of that time, have acquired such a velocity ^ 
as willy if continued uniform, ca/rry it through double the space 
which the body has already described to acquire that velocity. 

Let the mass moved be 64 m, the force, m , but let m, 
which is applied to A, as the moving force, be one of the 
flat rods, m. Fig. 1*76. Place the circular frame so that A 
may, in descending, pass through it, and its height be such, 
that the instant the lower surface of A arrives at 12 inches, 
the rod, m, may be intercepted by the surface of the circular 
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twelve inches, — ^the moying forces must be as 4 to 8. 
following experiments will illustrate this truth. 
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Quantities of 
matter. 


fOToes. 


Spaces described in 
inches. 


Velocities acquired in 
inches per second. 


m 

3m 
2 
3m 

T 


64 m 
96 m 

48 m 




12 
12 
12 


12 
12 . 
12 



You may infer, from the two last sets of experiments, 
that the moving forces, which impel bodies through the 
game spaces, are in the joint ratios of the quantities of 
matter moved, and the squares of the velocities generated. 

If a given quantity of matter be impelled from rest through 
different spaces by the action of the same force, the velocities 
generated will he in a subduplicate ratio of the spaces described. 
Let the quantity of matter be 64 m, the force m, the 
•paces 3 inches and 27 inches, — ^the velocities will be in the 
ratio of 1 to 3 ; for it will descend in the first experiment 
^rough six inches in a second ; in the next you will find it 
go through 18 inches in a second. Now the spaces are 3 
and 2*7, or as 1 to 9 ; the velocities acquired as 6 to 18, or 
as 1 to 3. 

Experiments on uniformly retarded Motion. — The laws 
observed during the motion of uniformly accelerated bodies, 
having been made evident to the senses by the preceding 
experiments, I shall now proceed to illustrate the properties 
of uniformly retarded motion. 

When a body is thrown perpendicularly upwards from 
the earth's surface, it is continually resisted by a force 
which is .equal to the body's weight ; and the weights of all 
substances being proportional to the quantity of matter they 
contain, it follows, that the force which retards the perpen- 
dicular ascent of any body, being measured by its weight 
divided by the ascending mass, is the same, being such as 
destroys a velocity of ^2\ feet in each second of the body's 
motion. But in order to illustrate, by experiment, the 
general laws according to which bodies are retarded by the 
action of constant forces, such methods should be made use 
of as will enable us to apply different resisting forces to the 
same mass of matter, and the same resisting {oic^t^ \a 4^^\* 
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A. ', .' \'.y>:r.\s.z "'-El r«i "ihc sra*:e i«5.-t4 ir.'h^s. wH 
su:'. *.,-■: 4 v':...':::t = "/ , IZiiilZliZ-ir, e'::"3al w 1? inA» 
i:. :* ■.•:';•-':': \t/\ -x". :hxi: ins'ian: :n^ :w:. r:d*. €^:h e-qail to 
/>t, '.«:.:./ -ti.',-:^':. ^L-r TT^ic^"::* will -zontiii'ii'r -O iesce^d ^w 
a *;..: /r.r..y rr.;tri-A nioii'^n. V:::':!! will be preciselT ifc* 
^.;trr..: i-. .:" ;i .'na.--; ot *^jl m were prr-jected with a yekxilT 
^f ] - !r.',r.«rt :ri a -fr-iGnd. in free spaoe. and a force of reafr 
hf.'j'. t-'\ ^a* Vi //* -K-zXH Opposed to iis motion: wherefore A* 
wif.ij u.t; fj\u*:e parts of th«s STatem, will lose its motion 

^r.vJii;iily, and wiil describe a space equal to ' » * * ' = 25^ 
in'Jji:-, h«-fore its motion be entirely destroyed. You vilL 
lh*rr«;fop!, have to descend as low as 5*2 inches, before H 
\f*"/\ti-^ Ur a-y:end by the superior weight of B. 

//' oof/ M.//, rn/H'ing in a free space uni/ormli/, be resiskd 
hif a rtmHtarU ff/rce, ff/r any t/iven time less than that in whkk 
llif wlinh: wd'ufii would he destroyed^ the space described »iU 
ln' thv il'iffirvticii y.iioeen. the space which measures the initial 
vrhuiiif t,f iiiM'imiy multiplied into a number ex2)ressiny tk 
ifirnt hniJ% and that space which the body would describe, if 
nn'i'lvrati'd, dnriny the given time^fTom quiescence, by a fcf^ 
ftptat to that of resi stance t^ 
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Let a mass, 63^ m, be projected with a velocity of 11.877 
inches in a second ; if it be resisted by a force equal to ^ m. 
It will describe 21.95 inches in three seconds. To this end, 
make A equal 26 m, and B equal 26^ m, and apply a flat 
rod, H m, to the upper surface of A ; set the circular 
frame to 11.877 on the scale, then will A descend, the 
moving force being m, and the mass moved equal to 65 m. 
When it has described 11.877 inches, it will have acquired 
a velocity of 11.877 inches in a second ; and the rod being 
at that time intercepted, A will begin to descend with a 
imiformly retarded motion, and will strike the square stage 
set at 33.83, at the fifth beat of the pendulum, and thus 
describe 21.95 inches in three seconds. 

For the account of various other useful and scientific ex- 
periments, the reader had best consult the treatise of Mr. 
Atwood. 

This instrument has many other uses, which it is not 
necessary to describe particularly here ; such as. The ex- 
perimental estimation of the velocities communicated by the 
impact of bodies, elastic and non-elastic ; The quantities of 
resistance opposed by fluids, as well as for various other 
purposes ; The motion of bodies, resisted by constant forces, 
mre reduced to experiment, by means of this instrument, with 
as great ease and precision as the properties of bodies uni- 
formly accelerated; and, The verifying practically the pro- 
perties of rotary motion. The two last are clearly shown 
m Mr. Atwood's work. This very useful and illustrative 
mstrument requires to be well made, and nicely adjusted. 
. The wheels and their mahogany bases can be separated 
■from their stand, and the various weights and other appa- 
ratus, the scales, C, C : the ring, H ; the stage, I) ; the 
' pilar, G ; and clock, E, are also made so as to be separated 
and packed in a portable and convenient manner. 

Price, with clock, $100. 
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This elegant instrument (Fig. 17 7, opposite page), 
on a strong^ and highly polished frame, or table, made d 
mahogany or rosewood, consists of two rectangular botidi 
two inches thick, twenty-seven inches long, and seyentaa 
inches wide ; supported twenty -four inches apart by for 
hollow pillars, and connected together by iron rods aecnnd 
in the legs beneath, and having brass knobs at the top of 
the frame ; thus binding the whole strongly together, and 
affording facilities for separating the parts readily. Tlie top 
of the frame stands at thirty-nine inches from the floor, 
which is the most convenient height for use. The cylinder, 
or pump barrel, is screwed to its cap and base by lam po- 
lished steel screws, and is of heavy and highly pdiahed 
brass, securely bolted to the bottom board of the table. Bw 
piston rod is of steel, working through a packing box, air 
tight, in the cap of the cylinder, projecting above the upper 
board and moving in a socket attached to the frame, inudi 
has a square opening for this and the parallel motion, iMA 
is connected with the piston rod and end of the lever, fie 
lever is of wrought iron, polished or handsomely japaimedf 
is three feet long, and supported by a steel axle moving in 
two stout brass sockets, firmly bolted to the table ; at the 
end of the lever is a turned handle. The receiver plate ii 
truly ground, and made of brass, or stout glass set in bn* 
mountmg ; in the centre of the plate there is the usuaJ 
screw by which apparatus is connected ; beneath which i 
brass connecting pipe having a stop-cock, passes to tltf 
bottom board of the table, where it is terminated in a socked 
buying a pipe runxung \eii(^l\LV\aeNi\t\i tke bottom board i 
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the table, and connecting with the base of the pump barrel, 
which is perforated, and the channel terminated by a valve 
opening upwards. The piston and cap of the pump barrel 
also have valves opening upwards ; the one on the cap hav- 
ing a bent pipe groimd into the cover of the valve, for con- 
veying the oil driven over by the action of the pump into an 
oil box which is attached under the frame, and may be 
slided out to empty of oil. On the connecting pipe between 
the cylinder and socket, there is a projection, with aperture, 
having a screw the same size as that of the receiver plate, 
and having a large milled-head screw to close it, and where 
occasionally connexion may be made with the gauge, appa- 
ratus, <kc. There is from the under part of the receiver 
plate, and running lengthwise on the top of the frame nearly 
to the end, a brass pipe terminating in a brass cap, witn 
screw, to which a large stop-cock is attached, supporting a 
mercury gauge. The gauge consists of a glass tube bent m 
an U form, hermetically sealed at one end, which tube, and 
a small portion of the bottom of the other, is filled with 
mercury ; the tube is attached to a silver scale, graduated 
to inches, and tenths thereof, and is about eight or nme 
inches long. The scale and tube are secured within a atoit 
glass shade, which is cemented by a brass cap fitting tiie 
large stop-cock as above. 

A long barometer gauge sometimes accompanies the pnmpf 
consisting of a strong tube, 33 inches in length, open at both 
ends, having a reservoir of mercury at the bottom, and at- 
tached above to the under side of the cap supporting the 
short gauge. The scale is divided into inches and tenths. 
This gauge, owing to the great length of the tube, requires 
great care in using, as, by an accident, the mercury may be 
drawn into the pump, materially injuring it thereby. Oi 
this account it is most usually dispensed with. The i 
cock in the connecting pipe is to close the commi] 
between the receiver and pump-barrels, and that 
the gauge, to close the communication between the gao_ 
the receiver. The length of the cyUnder is nearly one^ 
the diameter 3| inches, the plate 10 inches. Oil aho 
occasionally supplied by pouring that which is peifeel]^| 
clean into the aperture in the receiver-plate, and also intoth 
cup over the packing-box, through which the piston moves. 
The plate and receivers are ground true, and require but 1 1 
little tallow or oil to prevent the scratching of the two sur- j 
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experiments requiring- accurate exhaustion, care 
akeu that tlie receiver and vaiious parts of the 
Tee from moisture j the vapor of which arising 
, an atmosphere, which would continue to rise as 
moisture remained. The operator should be pro- 
a number of receivers, of various kinds and sizes, 
at top, having a brass plate with sliding rod ; 
dosed top, having a knob ; also a few glass jarsp 
mg fruitf &c>. 
J tlO, $7o> and 185, according to style and finish. 

Table Air Pump.—(F\g. 178, as below,}— This 
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instruixient in ita general arrangement Is t1i« same 
usual table air pump, but made in a more elegnEl b^I 
be lug framed wholly of brass and highly finished. Betwe( 
the pump barrels and the receiver plate^ there is a Ik 
stop -cock, which, whea close d, prevents any leakage Jn 
the various joints into the receiver. The mercurial gax^ 
has a meiaUic scale, and is placed within a gla^ si 
auppotted on a large atop-cock, by which communii 
not may be made witli the receiver. 

Price, largest aize^ 175.00. 
** smaller *' |50.flO. 



Jjarg§ DmiMe Barrel Air Pttm/?.-— (Fig, 179, as WottI 




AIR PUMPS AND APPARATTTS. IQS 

reprei^nts tbe usual style of the lar^e size, double barrel, 
table air pump^ and consists of two barrels of brass, accu- 
rately bored, and finished of a uniform calibre. These, with 
their bases, are firmly held in a perpendicular situation to 
the square mahc^any base, by the mahogany head of the 
air pump, which is pressed upon them by screws at the top 
of the two brass pillars, one of which is placed each side 
of the barrels. In the centre of the base there is a true 
ground receiver plate, having in the centre a hole, with 
screw, for the . attaching of any apparatus, and a concealed 
channel communicating with the point, where a screw is 
fixed to let in air occasionally. From the above mentioned 
channel there is a perforation at right angles to the former, 
going to the centre of the basis of each barrel ; at each of 
these centres a valve is placed, opening upwards to admit 
the air into the barrels ; there is a piston so fitted to each 
barrel, that the air cannot pass between it and the sides of 
the barrel ; to ^ach piston there is a valve opening upwards, 
through which the air in the lower part of the barrel may 
escape into the common air ; the pistons are also connected 
to a rack, and are raised or depressed by a handle, the lower 
part of which is fixed to the axis of a cog-wheel, whose 
teeth take into the rack ; one piston is raised, and the other 
depressed by the same turn of the handle. 

Two barrels are advantageous, not only as performing the 
work quickly, but also because the weight of the atmosphere, 
pressing upon the rising piston, is counter-balanced by the 
same weight pressing upon the other piston descending. 

The operation of air depends on the elasticity thereof. 
When either of the pistons is drawn upwards, a vacuum is 
left behind it, and the pressure bemg thus removed from the 
valve in the bottom of the barrels, this valve will be opened 
by the elasticity of the au- in the receiver ; and the air, 
rushing through it, will be uniformly diffused in the receiver, 
ifcbe canal connecting this with the lower valve, and in the 
• barrel. But upon depressing the piston, the valve at the 
bottom of the barrel will be closed, and the air therein 
being condensed, will open the valve in the piston and escape ; 
thus the air contained in the barrel is discharged, and, by 
every turn of the wmch, a quantity of air equal to the con- 
tents of the barrel, and equally dense with that m the re- 
ceiver, is exhausted. 

Behind the large receiver, there is a small plate for sus- 
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taining a small receiver, from the bole at the centre of this 
plate there is a canal communicating with that which goes 
from the large receiver to the barrels ; under this receiver is 
a small tube filled with mercury freed from lur, this is called 
the short barometer-gauge. As the air k taken out of the 
small receiver at the same time that it is taken jfom the larger 
one, the descent of the mercury in the tube wiU point oat 
the degree of rarefaction in the receivers ; the meromy does 
not begin to descend in this tube till near three-foaiths of 
the air have been extracted ; and the air is said to be as 
many times rarer than the atmosphere, as the oolumn of 
mercury sustained in this tube is less than that of the mer- 
cury, at that time, in the common barometer. 

Price, $40.00 and 145.00. 

Double Barrel Air Pump.— (Fig. 180, as below.)— This 
cut is a representation of the usual style of the double barrel 
air pump described, with the omission of the gauge, aod 
being made of a smaller size. Price, $22.50 and $25.00. 

Fig. 180. 




Pikers Improved DouhU Barrel Air Pump, — (Fig. 151, 
page 195.) — This instrument, in its general construction, 
corresponds to the preceding one described (Fiff. 179), 
but of a larger and more elegant finish, the frame bemg sub- 
stantially and elegantly finished, of rosewood or mahogany 
highly polished, conveniently mounted from the floor on 
four feet, and having the plate raised on a stage supported 
on four pillars, beneath which the gauge is attached, whidi 
is the same as described in the large lever pumps; tlM 




pump is conveniently worked by a. large double lever 
nandle ; tbe barrels of the pump are thirteen incbes long', 
two and a balf inches intemal diameter i the whole with 
the receiver standing about four feet from the floor. 

I Price, with mahogany frame, $65,00. 

" rosewood " 170.00. 
ingU Barrel Air Pump.— {¥\g. 182, next page.)^This 
Wmp conaistB of a tube, or barrel of brass with equal bore^ 
naving a piston moving by means of a rod and handle ; the 
bajrel is attached to its bae^e by a screw, which is firmly 
clamped to the square mfihogany table supporting the 
whole ; in the centre of the table there is a receiver plate^ 
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^*®- truly ground, having m the 

centre a screw to fit the stop- 
cocks of the usual apparatus 
accompanying these mstni- 
ments, and beneaih a pipe 
connecting with the hraas 
base of the barrel of the 
pump, having a Tslve open- 
ing upwards, there beiiig one 
also in the piston opemitt 
the same way ; the abtion n 
the same as described in the 
large double barrel mr pump. 
Suppose the receiver to be 

§ laced on the plate, care being taken that it is free from 
ust and grit, and a small quantity of oil rubbed thereon, 
draw the handle up, and a vacuum will be formed under- 
neath the piston. The air then in the receiver will, by its 
elasticity, force against the valve at the bottom of the barrel, 
and rush up to fill the vacant space. When the piston is 
forced down again, it compresses the air beneath it, which 
closes the valve at bottom, and at the same time opens the 
valve which is in the piston itself, and the compressed air 
thereby escapes ; thus a quantity of air equal to the capacity 
of the barrel is got rid of — a second liift will withdraw a 
second portion, and so the operation may be continued at 
pleasure. Price, small size, with receiver, $Y.OO. 

medium size, '' $9.00. 



Fig. 183. 




This cut (Fiff.183) 
represents a larga 
size single bane! 
air pump and re- 
ceiver, having in 
the drawing the 
barrel cut away, 
to show the piston 
and valves ; the 
construction is the 
same as the one 
above described. 
Price, with re- 
ceiver, $1S. 
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Fig. 181 
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Pikers Improved Single Barrel Air Pump mth raised 
plate. — ^This powerful and simple arrangement of the large 
angle barrel air pump, is represented in Fig. 184, as above, 
rhe barrel is of brass, fourteen inches long and two inches 
liameter, having a broad brass base, firmly bolted to the 
Tame by screws beneath. The piston is worked by standing 
irith the feet on the frame and grasping the handle with 
twth hands, by which means a much larger pbton may be 
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Tig. 185. 



worked than in the ordinary constniction, and h&ng also 
less fatiguing to the operator. The pump plate is support- 
ed by four mahogany pillars, on a table elevated about 
twenty-eight inches. The connexion between the pump- 
plate and the cylinder is by a brass pipe, having a stop-cock 
for shutting off the communication when required. The 
frame is of polished mahogany ; the base twenty-two inches 
long and fourteen inches wide. Price, $20.00. 

Condensing Ap2Mratus. — The condenser is a syringe by 
which a large quantity of air may be forced into a given 
space. It is constructed on the same principle as the air 
pump ; only the valves are disposed in the contrary order, 
that is to open inward instead of outward. 

Fig. 185 represents a syringe fur- 
nished with a handle, moving a solid 
piston air-tightly in a cylindrical 
barrel, which barrel is furnished with 
^^^ ■ " " * valve at the foot, and either a 

^^^ i small hole near the top of the barrel, 

im I or else the piston, instead of being 

H I solid, is perforated, and has a valve 

H J * ^ also opening downwards. It will be 

H £^ ' ^ evident, that working the handle up 
H V and down will alternately fill the 

JH jR_ I barrel with air from the upper part, 

■" "**" I and condense it into any vessel at- 

tached to the screw at the foot. 

The air vessel is a strong globular 
shaped glass vessel, supported on a 
foot, having a neck to which a brass 
cap with stop -cock is fitted ; to the 
stop-cock is fastened a pipe, reaching 
nearly to the bottom of the vessel ; 
to the upper screw of the stop-cock 
is attached a tube, and a variety of 
jets ; one a plain jet, one a globular 
jet, pierced with many holes, another flat on top pierced 
with a cross ; also, there is usually accompanying tnem, a 
revolving jet, as represented in the cut, which may be moved 
either for air or water. To use, the vessel is about half 
filled with water, and the condensing syringe being screwed 
to the tube, and the stop-cock opened, air is to he forced 
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le botUe, which rising through the water, will by its 
Y press strongly on the surface of that liquid ; then 
luming the stop-cock the syringe is to be removed, 
small jet-pipe being fitted to the tube, the stop-cock 
>e opened, and the elasticity of the condensed air m 
>ttle, will drive. up the liquid in a jet. 

Price, $10.00. 

" revolving jet, $2.00. 

Cotideming Apparatus, with ^^- **• 

r CAamier.— (Fig. 186.)— 
Dndensing apparatus consists 
brass condensing pump or 
e, nine inches long, and one 
half inch diameter. A cop- 
lamber or vessel for contain- 
le air, having a stop-cock 
screws on the top, with a 
descending nearly to the 
Q, and also a stop -cock on 
le near the top, there being 
3 connected with this aper- 
escending nearly to the bot- 

To the stop-cocks are at- 
L several jets ; a straight jet, 
pound jet, and a revolving 
To use this apparatus fiS 
lamber about half full of 
and screw on the stop-cock, 
it the condensing pump, 
indense the air therein, then 
he stop-cock to confine the 
d removing the pump, screw on the straight jet ; on 
^ the cock, the pressure of the air within the chamber 
>rce the water out in a stream with great force. If 
mpound jet be used, it will produce a great number 
ams, and pour out with great beauty. Also the re- 
5 jet will form a pleasing circle in the air, as the water 
dly forced out. All these jets may also be used on 
)p-cock at the side of the chamber. 

long brass cylinder, or gun-barrel, represented in the 
id having^ a screw fitting the stop-cocks, is designed 
strate the air gun. To use, screw the barrel to the 
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itop'cock attached to the side of the chamber^ having pre- 
viously condensed suflficieEt air therein, place n bullet, pes, 
or corK ball in ithin the barrel, and quickly open the stop* 
cock ; the ball will be thrown Tiolently out of the barrel. 

Price, of the whole apparatus, #13.00. 
Fig. 1^. *' condenser only, ^5.00. 

'* smaller size, |4.D0, 



Lever Ctrndmser on Frame.— 
In this instrument (Fig- 187), 
the barrel of the condenser is 
snnk into the air chamber^ 
which is supported on the un- 
der side of the frame by four 
stout rods passing through the 
frame ; and also a round board 
at the bottom of the air cham^ 
ber clamping them firmly to- 
gether by means of screw 
nuts. The piston is worked 
by a lever and arm fastened to 
the frame ; on one side of the 
air chamber is a stop-cocL 
Price, $20.00. 

Fiff. tsa 




SwelUd Receivers for the Air Pump. — (Fig. 1 88, as abote.) 
' — The receivers of the air pump are large glass vessels 
placed OQ the pump plate and over an orifice, in order to bfi 
exhausted of air ; being thus called from their being the re^ 
cipients of those things on which the experiments are made. 
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hk order that the contact with the plate of the pump may 
be air t^ht, the bottoms of the receivers are ground peif ectlj 
true. They are made of various shapes ; straight sides and 
swelled, open top and with knob. 

Price, 4 in. lO.'/d ; 5 in. $1.00 ; 6 in. $1.25. 

1 in. $1.60 ; 8 in. $1.75 ; 9 in. $2.00. 

" 10 in. $2.60; 12 in. $4.00. 



Law Receivers for the Air Pump. — 
(Fig. 189.) — ^These receivers are used 
where the articles placed under them do 
not occupy much height, and consequent- 
ly can be exhausted quicker than where 
lugher ones are used. 

Price, 5 in. $0.75 ; 6 in. $1.00. 
'* 7 in. $1.87 ; 8 m. $1.76. 

The Gallows Connector.— {Yig. 190.)— 
This convenient apparatus is used in con- 
nexion with the flexible tube, for con- 
necting apparatus with the air pump that 
otherwise could not so conveniently be at- 
tached. The lower part of the ball has a 
socket entering the gallows, which, by 
loosening the screw over the ball, may be 
readily disconnected. The connexions are 
made with male screws ; a double female 
connector is sometimes attached, where a 
female screw is required. 



Fig. 189. 





Price, $1.50. 



Fig. 191. 



Hand Glass. — This cut (Fi^. 191) re- 
presents a swelled glass receiver, about 
6 inches in diameter, open at both ends, ' 
and ground perfectly true and flat ; the 
one end is about 4 inches in the aperture, 
and the other two inches. Set the large 
end on the plate of the air-pump, and 
place the hand on the small end, so as to 
cover the glass ; then begin to exhaust, 
and you will feel the pressure of the air ; for the air bein^ 
taken from under your hand out of the glass, the extern^ 
air will press your hand to the glass, so that you can scarce 
move it. Upon letting in the air it will be loosened again. 
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The spring of the air in your flesh is also shown by this ei> 

periment, the flesh of the inside of your hand swellmg down- 
wards within the exhausted glass. Price, 75 coits. 

^g' i«^ The Bladder Glass.-^OYer the laive end 

of the last described receiver (Fig. 192) with 
a piece of wet bladder, and leave it to dry. 
After it is perfectly dr}' place the open ^d 
on the pump-plate, and exhaust the interior 
air till the weight of the air on the bladder 
> causes it to burst with a loud report If, 
instead of the bladder, a piece of sheet india 
rubber is used, it will expand and fill the glass vessel. 

Price, 16 cents. 

K!g. 193. Bladder Glass with Cap and Stop- Cock, 

— (Fig. 193.) — This arrangement of the 
bladder glass when attached to a flexible 
tube, and connected with the air pump, 
admits of its being turned in any direction, 
and may be seen by a large audience to 
more advantage than when used on the 
pump plate. It may also be used to show 
the expansion of air, by closing the stop- 
cock, and placing under a receiver, when 
the bladder will be forced out, and if the 
exhaustion be continued, it will be broken 

by the expansive force of the air withm the glass. 

The experiment may be varied by using a piece of sheet 

india rubber, which will not be broken, but swell out, or 

be drawn in, as the instrument may be used. 

Price, $2.00, 




Fig. 194. 




Apple Cutter. — (Fig. 194.) — ^This consists of 
a metallic cylinder, or cone, open at each end, 
having a base ground true, and fitting air tight 
the pump plate, and at its upper end a sharp 
edge. To use, place the cone on the air pump, 
an apple on the top of the cone, and exhaust 
the air ; the pressure of the air on the outside 
of the apple will cause the apple to be cut, and 
forced through the opening. 

Price, $1.50. 
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Presture Qlau. — (Fig. 106.) — ^This instniment 
consists of a glass globe, about three and a half 
inches in diameter, with a neck inverted in a glass 
vessel of about the same size, which is to be 
nearly filled with water, and placed under the re- 
ceiver of the air pump. As the receiver is ex- 
hausted, bubbles of air pass out of the globe 
through the water and escape away, but as soon 
as the pressure is restored the water is forced out 
of the lower vessel upwards into the globe. The 
instrument may now be used to illustrate the expansion of 
air, by again exhausting the receiver, when the small bubble 
of air left at the top of the last experiment^ will expand and 
fill the whole globe. Price, 75cts, larger size, $1.00. 




Fig. 19«. 
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Bolt Head Experiment (Fig. 196) consists 
of a glass globe of four or five inches in di- 
ameter, with neck about thirty inches long, 
having cemented on the neck a plate fitting 
the open top air pump receiver. To use, the 
plate is set on the open top receiver with the 
end of the neok immersed in a jar of water, 
which, to render the experiment more con- 
spicuous, is usually colored red or blue ; on 
exhausting the air from the receiver, the air 
in the fflobe is expanded and escapes from 
the neck, and is seen bubbling through the 
water. On returning the air to the receiver, 
it cannot enter the sTobe, but pressing on the 
water forces it up the neck into the globe, 
occupying the place of the air that escaped 
by its expansion, and showing the quantity. 
Price, $1.00. Glass jar, 25c. 



M<igdeburg Hemisphere, — (Fig. 197, next 
page). — ^Tliis instrument consists of two hol- 
low hemispheres of brass, which are made to 
fit upon each other by a ground joint, ren- 
dered air tight by a little oil. Having screw- 
ed oflF the handle, put both the hemispheres together, and 
screw them into the pump-plate, and turn the cock so th»t 
the pipe may be open all the way into the cavity of th« j 
hemispheres ; then exhaust the air out of them, and ttf^ 
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^' *^' the cock , unscrew the hetnispbeiiefi from tis 



purap, and hamg put on the handle, let tff& 
strong men try to pull the hemispheres asunder 
by the rings, which they will find it difiicult to 
do : for tf the diameter of the bemtspheres be 
four incbea, they will be priessed together hy the 
external air with a force equal to IDO pounds. 

We have recently improved this article bj 
manufacturing them of iron, which is not m 
liable as brass to be bent by an accidental 
blow. 
Piice, S^ in. brasSi |4,00 ; 4|in. brass, |0,00. 
*' 3| in. iron, |4.00; 4^ in. iron, 15.00. 



Lever and Stand for wmffhin^ a column of air. — Fig, 198 
consists of a strong base, having a short pillar serving as the 
fulcrum of a lever fixed therein ; on the short end of the 
lever the handles of the hemispheres are supported, th* 
Btop-cock b«ing screATed to the base. This arrangement is 

Fig:. lOft 





designed to prove the pressure of the air on the hemispheres 
to he about fifteen pounds on every square inch. If the 
diameter of the hemispheres be four inches, the area U 
twelve and a half inches, which multiplied by tifteen gives 
187 lbs. ; the power requisite lo separate them when ex- 
hausted, as shown by the lever. The exhausted hemispheres 
will of themselves come asunder under an eihausted receiver. 

Price, §6.00. 

Spouiiuff Tuhe. — Fig. 199 consists of a long glass tub«, 
having a brass cup and stop -cock. To use, exhaust the air 
by the aii -pump, and turn the stop cock ; then plunge the 
end of the cock in water, and open the cock, when the water 
will violently rush in, and nearly fill the tube. 

Price, §2.50, 
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Fig. 201 



Fig. 202. 




The Ibuntain in Vactio. — (Fig. 200, as above.) — ^The 
fountain consists of a tall receiver, of glass, about five inches 
wide in the swell, but contracted at the top, and cemented 
by a neck at the lower end to a brass cap, having within a 
jet pipe attached to a stop -cock, which screws into the cap ; 
the whole is mounted on a stand when not in use. To use, 
the fountain is connected with the air pump by means of 
the stop-cock and tube ; after the air is exhausted out of the 
receiver, the cock is shut to prevent its return ; then the 
whole is unscrewed from the plate of the receiver, and the 
lower end of the tube is immersed in a vessel of water ; on 
opening the stop-cock, the pressure of the atmosphere on 
the surface of the water in the vessel having no counterpoise 
from the interior of the cylinder, forces up the fluid through 
the jet-pipe with considerable velocity, which forms a pleas- 
ing jet-d'eau, or fountain in vacuo. 

Price, $4.60 ; larger, $6.00. 



Expansion Fountain, — (Fig. 201, page 206.) — ^This Vf^ 
iratus consists of a glass globe with feet, haying a cap, bI^ 
cock, and jet, reaching down to the bottom, and an open 
vessel with cap screwed to the upper end of the cock. To 
use, the lower vessel is nearly filled with water, and the 
stop and jet screwed in and placed on the air pump under 
a receiver ; as you exhaust the air from the receiver, the 
air in the upper part of the globe is expanded, and the 
liquid forced through the jet into the upper vessel : in return- 
ing the air to the receiver, the water descends. 

Price, $a.50« 

Three Globe Fountain, by Elasticity. — (Fig. 202, page 206.) 
—This consists of a double globe on a foot, with oped 
end, having a jet pipe extending from the bottom of the 
lower globe to the top of the second, and another globe 
with a neck covering the jet pipe. To use, fill the lower 
globe nearly full of water, or a colored liquid^ screw in the 
jet pipe, and cover it with the upper globe ; place it on the 
air pump and cover with a receiver ; exhaust the air, which 
removes the pressure from the upper vessels and expands 
the air in the lower globe, forcing the liquid up the pipe 
into the upper vessel, and from thence falling into the second. 
Return the air to the receiver, and the water is forced into 
the upper vessel, and from thence again into the lower one. 

Price, $2.60. 

^*«'^^'^- Lungs Glass.'---{F\g, 203.)— An instrt- 

ment or apparatus used with the air pomp* 
intended to prove the elasticity of the air. 
It consists of a glass globe of about four 
inches diameter, with a foot to it, and also a 
brass cap at the top ; within the glass is a 
small bladder, tied to a short tube, which 
is attached to the cap, and projects an inch 
or so within the glass. This tube passes 
out at the top, and is terminated by a small 
orifice. The lungs glass is placed under the 
receiver of the air pump, and as the air is 
exhausted the bladder collapses ; being admitted it expands 
again, showing the exact action of the animal lungs in it* 
spiration. Pricerf2.00. 
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Guinea and Feather Experiment — (Fig. 204.) — ^This in- 
fetmment consists of a tall glass receiver, open at the bottom, 
and having the top closed, so as to be air-tight, by a brass 
cap or cover, through which passes a wire, fitting close, but 
capable of being turned without admitting the air. The 
lower end of the wire is made to support a small stage, the 
two sides of which will fall and separate, when the wire is 
turned in a transverse direction. Then, the stage bein^ fixed, 
a sovereign and a feather, or any two small bodies differing 
greatly in their comparative weight, may be laid on the stage, 
and the bell-glass, or, as it is called, receiver, being placed 
on the plate of an air pump, must be 
exhausted of the air it contained. This 
being done, if the two bodies are 
made to fall by turning the wire, it 
will be found that they will both strike 
the plate of the air pump beneath 
them at the same point of time. 

Price, $10.00. 

Guinea and Flsather Tube. — This 
piece of apparatus (Fig. 205) consists 
of a strong glass tube, usually from 2 
to 4 feet K)ng, and 1^ to 3 inches in 
diameter, closed at the upper end, and 
having a brass cap and stop-cock at 
the lower end, with a screw plug, of 
sufficient size for the introduction of a 
guinea and feather. To use, turn the 
kibe up, and it will be observed that 
the feather is several seconds longer 
in falling than the guinea ; connect 
the stop -cock with the air pump, and exhaust the 
tube, and it will now be found that the guinea 
and feather fall at the same instant. Air may 
ako be condensed within the tube by a con- 
densing pump, and a greater difference shown 
than in the first experiment. 

The apparatus described as the aurora tube is often used 
for showing these experiments, though the ball and the 
point, at times, interfere with the descent of the feather, and 
piece of metal, which is not the case in the proper tube. 

Price, $4 and f 6. 
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^^i/^- Bladder and WinffhU.—A pnemnalie in- 

strument {Fig. 206) to show the elasticity of 
atmosphenc air. It is formed of a circular 
hase, hollowed out in the middle into a cap 
shape, having three stout brass wires connect- 
ing with the top, and between these wires, i 
movable box, the bottom of which is hol- 
lowed out as the base. A small bladder, with 
a small quantity of air in it, is placed in the 
cavity below the box, and the box filled whh 
shot, or any heavy weight. The weights and 
cup slide easily up and down between the wires. When 
this instrument is put under the receiver of an air-pump, 
and the air exhausted from around it, the elasticity of the 
air within the bladder will expand it so much as to raise up 
the heavy weights above it, and thus show its rarefaction. 

Price, tl.75 and $2. 




Fig. 207. 



Weight Lifter by the Expaneim (f 
Air, — Fig. 207 consbts of a cylin- 
der of brass, having a closed bottom, 
attached to a small frame by a flaoffe 
at the top of the cylinder, withm 
which a solid piston moves freely, to 
the rod of which there is a small 
stage, on which weights may be 
placed. When the piston rod is 
down, there is a space in the lower 
part of the barrel containing air, the 
expansion of which, when placed 
under a receiver and exhaost^, wiH 
raise a heavy weight. 

Price, $5.00. 



The Improved Weight Lifter, or Upward Pressure Apps- 
ratue, — (Fig. 208, page 210.) — This apparatus consists^! 
very stout brass cylinder, having a stout flange at the ton^ 
set in a stand supported on three iron leffs about thirty 
inches in height. The piston is accurately fitted to the 
bore of the tube, and a ring attached to the under side of 
the piston, from which weights are attached by a stout leather 
•trap. The stop of the glass cylinder is ground perfectly 
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flat, and has a brass plate also truly ground to cover it, 
having a hole in the centre with screw, to which one end of 
an elastic tube or hose is fixed ; the other end of the tube 
being connected with the hole in the centre of the pump 
plate. The air being then exhausted from the tube, the 
piston with the weights will be raised the whole length of 
the cylinder. The number of pounds that can be raised, 
may be ascertained by multiplying the number of square 
inches contained in the area of the cylinder by fifteen. The 
iron legs unscrew for convenient transportation. 

Price, with 3 inch cylinder, $6.00. 

** " 3i " " $8.00. 

" best flexible tube with 

screw connectors, $2.60 to $3.50. 



Large Weight Lifter.'r-{¥ig, 209, page 210.) — ^The con- 
struction of this instrument is nearly the same as the preced- 
ing, but of a larger make ; the cylinder is twelve inches 
long and four inches wide, mounted on a strong mahogany 
frame over five feet high. To the piston is attached by a 
leather strap, a large platform, on which any convenient 
weight may be placed. The instrument being capable of 
raising over one hundred pounds. 

Price, complete, with best English flexible 

tube, 3 feet long, - - $16.00. 



Brass Barrel Weight Lifter. ---{Fig. 210, page 210.)— This 
consists of a brass cylinder, or barrel, about two and a half 
inches in diameter, and eight inches long, open at the bottom, 
and screwed to a mahogany frame by a flange around the 
lower end of the cylinder, within which there is a solid 
piston, having a stout rod which is bent in the form of a 
nook at the end, to which a heavy weight may be attached ; 
the upper end of the cylinder has a brass cap and stop-cock, 
to which a flexible tube, proceeding from the air pump, may 
be attached ; on exhausting the air, it will be found, that 
the atmosphere pressing on the under side of the piston will 
raise it, and a weight of about fifty pounds. 

Price, $7.50. 
18* 
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Ths Air 5Aa«wr.— (Fig. 211.)— This ap- ^•2"- 
laratus consists of a block of wood, having 

long piece of wood, o, fixed lengthwise 
irough it, the under side of the block 
eing turned perfectly true, to fit the top 
• a receiver, a. To use, place it in the re- 
dver. A, which is also used as a hand glass, i 
ace a tumbler of water, b, under, so that 
e end of the wood is immersed in the \ 
ftter ; place your thimib on the top of the 
ood, and whUe the receiver is exhausting, 
>u will see the air pass out of the pores of the wood into 
e water. Take off your thumb, and a vast stream of air 
ill flow through the wood. This experiment shows that 
ood is pervious to air, and that the course, of the air vessels 

lengthwise. Price, YScts. ; receiver, '75cts. 

Mercury Shmoer, — ^A pneumatic apparatus, ^^' ^^^* 
\ show that, if the pressure of the atnfo- 
>herebe removed from an under surface, the 
ressure still remaining on the surface above 
as the effect of driving a fluid readily through 
le pores of such substance as it would not 
therwise penetrate. A is a wooden cup. 
I is a plug or nozzle of oak wood fastened 
irough the bottom of the cup and projecting 
own wards two or three inches. C is a vessel 
at beneath it when in use ; and D the open 
rpped receiver of an air pump. To use the 
strument, put a little mercury into A, and exhaust the air 
om D, when the mercury will soon filter through the oak 
id fall into the cup C. 

Fig. 212, as above, consists of a mahogany cup, through 
le bottom of which a solid piece of oak wood, about two 
iches long, is fixed ; the bottom of the cup is fitted 
ir tight on the top of the receiver. The receiver used 
>r the hand, called the hand glass, is used for this 
xperiment. When mercury is poured into the cup, and 
tie air exhausted out of the receiver, the pressure of the at- 
Qosphere on the surface of the mercury in the cup, will 
orce it through the pores of the solid piece of wood, and 
t will fall like a silver shower to the bottom of the bottle, 
Qd the mercury be collected m a glass vessel beneath. In 
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this experiment, and in all others where nMrciuy is wed, 
g^eat care must be taken to prevent the introduction of any 
mercury into the air pump, as it would cause considerable 
njury. Price, $1.00; receiver, ^Sets. 

Fig. 213. 



Shower of Mercury Tuhe,—{¥\^, 213.)— TWi 
consists of a glass tube, about one and a half ineh 
in diameter, and from twelve to twenty-four inches 
long, with a cap and screw at one end, fitting the 
air pump on the inside, having a small glass tube 
with a hole at the side, for preventing the mer- 
cury being drawn into the pump, and at the top 
of the tube a hard wood cap, within which a 
piece of oak wood is supported, having a funnel 
or cap of hard wood screwing over it, mto which 
the mercury is placed ; on exhausting the tube 
by the air pump, the mercury will pass throogh 
the pores of the wood, and descend into the tube 
in a silver shower. 

Price, $4.00 and $5.00. 



^«-2W- Flaik f(yr Weighing Air, -- 

jTT Fig. 214 consists of a gb» 

|J*^-*,^,JUf flask or globe, having a cap 

W "^"i^i^,,,^^ and stop-cock fitting the ur 

pk ^^Tt P^™P» supported by a hook to 

/ A / 1 ^ ^^^^^ beam. To use, fint 

\0 I I \ weigh the flask of air, as re- 

^J I Ki^ l\ presented in the cut, by pise* 

^a— CSM-T-^T~S^ ing the requisite weights in the 

scaJe pan; then exhaust the 

flask of air by the air pump, and weigh it agam in the same 

manner ; the difference in the weights will give the waght 

of air, or gas taken out. 

Price, flask with stop-cock, - - $2.00. 

<< mounted with steel beam and stand, $6.00, 



. 
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Salanee Beam and Cork Ball. — 
(Fig. 216.) — ^This consists of a bal- 
ance, to one end of which is sus- 
pended a piece of lead, in equilibrio 
with a piece of cork, or other light 
material, at the other end of the 
beam. Place the beam and stand 
under a receiver, and having ex- 
hausted the air, the cork will pre- 
ponderate ; for, as its bulk is greater 
than that of the piece of lead, it 
must be more sustained by the air ; 
re-admit the air, and the equilibrium 
will be restored. Price, $3.50. 



Flff.8U(. 




Fir. 21P. 



Sliding Bod Beceiver. — (Fig. 216.) — A 
receiver for the air pump of any convenient 
size or shape, having a brass cap cemented 
to the neck, and a rod passing air tight 
through a collar of leathers secured in a 
cavity, and covered with a screw ; the rod 
has a ring or handle at the top, and a hook 
on the end within the receiver. One of the 
many experiments for which this receiver is 
used b the following : suspend a small re- 
ceiver from the hook of this, and exhaust it 
of air ; now let down the small receiver in 
G<mtact with the plate. While the outer one 
b fixed, the mner one may be easily moved, 
but on letting in the air, the inner is fixed 
and the outer one loose ; observe in this ex- 
periment the small receiver must not cover fi 
the hole in the centre of the receiver plate, 
bat be placed at the side. 

Price, with plain receiver, $3.60 and $4.00. 
*' with swell " $4.00 and $4.60. 

The Bell Glass Beceiver with Sliding Bod. — This piece of 
apparatus (Fig. 217, next page) consists of a swelled bell 
glass receiver, usually about 10 inches in diameter, having 
an opening in the top of 2^ to 3 inches in diameter, accu- 
rately ground to fit a brass plate of a little larger size, hav- 
ing a aerew in the centre, into which a packing-box, with 
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rod movable, though perfectly air-tight, may be fixed ; on 
the outer end of the rod there is a ring, serying as a handle 
for depressing the rod, and within a hook for suspending 
from. This, or a similar arrangement, is used with the 
improved bell, flint and steel, &c., and parts of this may be 
used for other experiments, the screws being made unifoni 
in their size. Price, complete, $5.00. 

" plate, with slide rod, $3.00. 

Bell in Vacuo. — (Fig. 218, as above.) — ^This is an appui- 
tus to show that sound is not propagated in vacuo, and 
thereby to prove that sound is but the air in vibration. B 
consists of a small bell mounted within a glass receiver, and 
supported from the top by a wire attached to a plug moving 
air tight in a socket, and having a handle above the cap, by 
which the bell may be rung ; when rung in a vacuum a 
great diminution of the sound will take place, and were it 
possible to produce a perfect vacuum, and insulate the beB 
from all sonorous bodies, no sound would be heard. Three 
sizes. Price $2.25, $2.50 and $3.0a 



Improved Bell in Vacuo, — ^This form of the bell in ' 
(Fig. 219, as above) has a spring-lever hammer, working 
within the bell, and rung by depressing the rod having » . 
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cap on the top, by means of a sliding rod attached to the 
receiver. The bell is mounted on a neat metal foot, and 
placed on a round piece of wood, or leather, when used ; 
to prevent, as far as possible, the transmission of the sound. 

Price, $3.00. 

JFloat Wheel for showing the resistance Fig. 230. 

of the air, — Fig. 220 consists of two light in 
metal floats, or vanes, fixed to a centre and ^ 
turning freely on a pin fixed in a handle. 
These vanes may be so placed on the pin 
that their whole surface may strike the air; 
or, on the contrary way, that only the 
edge of the vanes may strike the air. To 
use, place the vanes on the pin so that the whole surface 
strikes the air, and give it motion with the finger, and it will 
Bocm stop, owing to the resistance of the air. Place it now 
in the position in which the edge only strikes the air, and 
g^ve it motion, and it will be continued for several minutes. 

Price, $0.75. 

Tcrricellian Eocperiment — (Fig. 221, next page.) — A stout 
bsrometer tube of thirty-one inches in length, hermetically 
lealed at the upper end ; the lower end immersed in a cup 
af mercury ; the whole covered by a tall bell glass receiver. 
On exhausting the air in the receiver, the air in the tube is 
expanded, and escapes through the mercury ; on returning 
Jie air to the receiver, the mercury is supported in the tube 
x> a height proportioned to the degree of exhaustion obtained 
lierein. Price, with receiver, $5.00. 

Torricellian Experiment with Sliding Tube. — (Fig. 222, 
next page.^ — ^This drawing represents a more perfect arrange- 
ment for tne Torricellian experiment. The tube is supported 
in the neck of a swelled bell glass receiver, having a brass 
cap with packing-box and screw, containing collars of leather 
through which the tube slides readily. To use, the tube is 
exhausted with the end out of the mercury, and then im- 
mersed by sliding down the tube through the collar of 
leathers ; on returning the air to the receiver the mercury 
rises in the tube, showing the exact degree of exhaustion 
cbtained. Price, $3.50 and $4.00. 
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Torricellian Experiment with Flexible Tube, — (Fig. 293, 
as above.) — ^This apparatus consists of a stout baromettf 
tube of forty inches in length, bent at one end as repmeot- 
ed in the drawing, and having a stop-cock with flexible tube 
for connecting with the air pump. The barometer tub« i 
graduated to thirty-one inches, marked on the glass. Tft 
use, the lower end of the tube is immersed in a cup of ]ne^ 
cury, and the stop -cock connected with the air pump by* 
flexible tube ; on exhausting the air the mercury wUl n0 
in the tube in proportion to the degree of exhaustion. 

Experiments in the condensation of air, may also be iUos* 
trated by this apparatus ; close the stop-cock, pour mercury 
in the long end of the tube, to the height of thirty incbei 
above the surface of the mercury in the shorter leg. K 
will be found that the air in the shorter leg has been caift' 



▲IE FUMPfl AJn>. APPARATUS. 



.217 




pressed into lialf its former bulk; being pressed by one 
additional atmosphere. 

Price, of the tube, graduated, with cap 

and stop-cock, - - - $5.00. 

Water Pump in Vacuo, — (Fig. 224, opposite page.) — ^This 
represents an open top receiver with the common water 
pump placed on the top ; the tube of the pump being within 
the receiver, and the end immersed in a vessel of water. 
On working the piston the water will readily flow ; but ex- 
haust the air from the receiver, and when a good vacuum is 
obtained the water cannot be raised by working the pump. 
This shows that all the phenomena of suction and pumps 
are not owing to the abhorrence of a vacuum in nature, but 
to the pressure of the air. Price, $8.00. 

Freezing Apparatus. — Prof. Leslie's 
experiment of freezing water in vacuo, 
by its own evaporation (Fig. 226) is 
shown by a shallow glass vessel, as a 
watch-glass, for containing the water 
to be frozen, which is supported over 
a wide glass basin, contaming strong sulphuric acid, the 
whole covered by a low receiver. When the air is exhaust- 
ed from the receiver, the acid will absorb the vapor from 
the water as rapidly as it is found, thereby abstracting the 
sensible heat from the water, till congelation ensues. 
Price, $1.50 and $2.00. 

Fig. 226. 

Freezing Apparatus with Thermo- 
meter, — (Fig. 226.) — ^The same appa- 
ratus as the last described, used un- 
der the receiver with sliding rod, in 
place of the low receiver, and having 
a delicate thermometer with exposed 
bulb dipping into the water, indicating 
the gradual reduction of temperature 
during the process. 
Price, - - - $3.00. 

" with sUde rod receiver, 

$5.00 and $7.00. 
" thermometer only, $1.00. 
19 
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Wollcuton's Chryophfrms in Vacuo, — ^Tke chryGpheruf 
in this arrangement (Fig. 227, as above) has a circular pieee 
of brass, truly ground on the under side, and fitting the 
open top receiver, and also having in the centre a \Am d 
wood, well varnished, to render air-ti^ht and surrounding 
the tube of the chryophorous ; by this coutmanoe one a 
the balls may be introduced within the receiver, and a n- 
cuum obtained. 

To use : cover the interior ball with a sponge, or oottoiv 
which may be tied on, and wet it well with ether ; turn iB 
the water in the upper ball. On exhausting the receiver, the 
vapor in the interior ball of the chryophorus will be con- 
densed by the evaporation of the ether, which will prodnee 
evaporation from the surface of the water in the upper ballr 
which vapor continues to condense, producing continoal 
evaporation from the surface of the water in the upper haft 
till the water therein is frozen. To prevent injury to the 
pump from ether entering therein, a cup is placed on tk 
plate to receive any drops from the sponge. 

Price, t5.00. 

Tke Flint and Steel in Vacuo. — In the best constmetiiii 
of this instrument (Fi^. 228) a gun lock is supported ini 
brass frame, and attached by a pillar to the centre of il* 
pump plate ; the lock has a brass arm terminated in 
cup at one end, and Ht the other fixed to the lever 
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)ck ; ihe whole is coyered with the receiver haying a sliding 
id, and let off by depressing the rod on the cup. If the 
ceiver be exhausted, and the flint be made to strike the 
eel, no sparks will appear ; and if there were powder in 
.e pan it would be burned. The sparks produced by the 
nt and steel, are owing to small portions of steel struck 
r by the percussion, and burning in the air ; without the 
r the combustion of the steel cannot take place. 

Price, with brass frame, $5.00. 
" common construction, $3.00. 

^^fr**" Apparatus to fire Gunpowder in 

Vacuo, — (Fig. 229.) — This apparatus 
consists of a bell glass, with brass 
cap, having a large stop-cock and 
funnel; in the key of the stop-cock 
there is a cavity, into which a small 
quantity of powder falls ; on ttuning 
the key a little, the aperture is en- 
tirely closed, and when half round 
the powder falls on a round piece of 
iron, previously made red hot, and 
supported on a stand within the bell 
glass receiver. The powder will 
bum, but no explosion takes place ; 
the smoke remaining at the bottom. 
tuition is required in performing the experiment, and the 
dl glass should be exhausted after each charge is burnt. 

Price, 14.60. 

^- ***• Apparatus for showing the effects 

of burnt air. — (Fig. 230.) — This ap- 
paratus consists of a glass receiver, 
with aperture in the top about 
three inches in diameter, truly 
ground, covered by a brass plate 
with stop-cock, to which a bent 
metallic tube is screwed. To use, 
place a pan of lighted charcoal so 
that the end of the tube may be in 
he flame ; first having exhausted the receiver, then open 
^ stop-cock, and the burnt air will pass through the tube 
^ the receiver, with which it may soon be filled. Take 
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:if :he Tslau iziii picH?- and if any animal be let down irii 
iie r?i:»*i'^-?r :i wii immediately be killed. If a candle h 
*.« i-^n Jiw :iie r»;':eiver when tilled with the air,itii 
^: •>!:. :nr wll punfy :he air as far as it goes ; foryoaMf 
lei .1 i-rw^i uie secoad dme lower than the first, and so « 
sil :*!»» -r'nole lir is punned. The receiver and plate«i|**J*^ 
w.tii :!:»* slide r>i apparatus betbre described, answer fc I "^* 
zhiA •?xr*»rj2ient by connectin;x the tube thereto. 1^^ 

Price ot 'the whole apparatus, 46.00. I T^ 
bent tube onlv, - |1.50. 



B'jtrszinij S'ptares. or Crushed Bottli.- 
-i FiiT. '231. J — ^These are thin square glaa 

M- ~ bottles, of ab«jut half a pint capacity. To 

i Use. Uikc one ot the bottles and put in & 
] ':ork : tiien seal it with wax so that no air 
1 can escape : then set it on the pump witii 
/ a receiver over it : and when youb^w 
' exhaust, the air within the bottle will ex- 
pand itself so as to break it. 
Or, cement on the neck of the bottle t 
bniss cap. with valve opening outwards; 
place under the receiver and exhaust the air, which will 
escape from the bi'ttle also : return the air to the receiver, 
and the valve closes and prevents the iiir from entering ibe 
bottle, which is broken: the square sides not being strong 
enouffh to resist the pressure of the atmosphere. A wire 
guard is sometimes used to cover the bottle, and prevent 
the breaking of the receiver. When you have made this 
experiment, wipe the pump plate so that none of the glass 
remain, as it may spoil another experiment. 

Price, glass squares, each, $0.16. 
" cap with valve, each, *0.31. 
^^- *^^ ' ' guard of wire gauze, $0.75. 

Transferer, — (Fig. 232.)— 
An instrument used with the 
air pump, as a movable portion 
or plate, for numerous purposes 
of experiment. There are sin- 
gle transferers and double trans- 
ferers ; the latter of which is 
shoNvu annexed. It consists of 
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two plates, ^und truly flat, and having pipes beneath, 
communicating with each other by connecting tubes, and a 
large pipe and cock below, which fits on to the table of the 
air pump. If a glass receiver be placed over each trans- 
ferer plate, they may be exhausted of air, and the lower 
cock being turned, they may be removed from the air pump, 
and set aside, that the continued result of the experiment, 
whatever it may be, may be noted afterwards, and the air 
pump in the interim used for other purposes. 

Price, large size, with two gallon receivers, $15.00. 

half " " $12.00. 

quart " $10.00. 

" " " pint " $8.00. 

" single transferer plate, with stop-cock 

and stand, - - $3.50 to $6.00 

Fig. 233. Fountain hy Elasticity of .4t>.— (Fig. 233.) — 

#A pneumatic apparatus, showing the elasticity 
of the air. It is a glass vessel with a brass top, 
and a tube within it, extending to near the 
bottom of the glass. When this glass is partly 
filled with water, and placed imder a tall re- 
ceiver of the air pump, the air being exhausted 
by the action of the pump, the elasticity of that 
air which remains within the vessel, drives the water through 
the tube, and makes it play into the receiver like a fountam. 
This action continues either imtil almost all the water is 
driven out, or else until the air has become so rarefied that 
it no longer has sufficient force to overcome the resistance. 

This apparatus should only be used with a transferer, as 
the water is liable to be drawn into the air pump, and the 
pump injured thereby. Price, $2.00. 

Waier Hammer with Stop-cock. — This apparatus (Fig. 234, 
next page) consists of a glass tube about 2 feet long, closed 
at one end, and the other having a brass cap and stop-cock, 
to which may be connected a hose or flexible tube, commu- 
nicating with the air pump. To use, the tube is half filled 
, with water and exhausted, when bubbles of air will be seen 
to rise with great rapidity ; when completely exhausted 
torn the cock and unscrew the hose. Now turn up and 
4own the tube, and the water will be found to descend with 
a force like the stroke of a hammer. Price, $2.50, 

19* 
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The Water Hammer. — (Fig. 235.)— This consistB of a 
^lass tube usually about twelve inches long and one inch 
m diameter, having three or four inches of water indiidad 
in it, above which a vacuum has been formed, and then her- 
metically sealed. On shaking such a tube vertically, tin 
water, rising a few inches and sinking suddenly to the bottoB 
of the tube, produces a sound like that arising from tin 
stroke of a small hammer on a hard body, whence the name 
of this instrument, the action of which depends entirely on 
the exclusion of the air, so that the water, moves in a dense 
mass. Price, 12 inch, |0.75 and tl.OO. 

" 24 " $1.60. 

Pressure Gauge. — (Fig. 236.) — ^The pressure gauge is an* 
mstrument to determine the pressure exerted in hydrostatie 
or pneumatic machines, as the hydrostatic press, the air 
pump, steam engine, etc. When the pressure is very great. 
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Is ustud to measure it by the compression of a certain 
lantity of air contained in a tube of sufficient strength. It 
tnsists of a stout glass tube, the bore about one tenth of 
I inch in diameter, closed at one end, and bent up at the 
,her, haviMT a ball about twice the capacity of the tube, 
ith a sm^hole on the side or top, and which is half filled 
ith mercury ; the tube is attached to a silvered plate, 
raduated to the various pressures, which are represented 
L pounds to the square inch ; the scale and tube are in- 
osed in a stout glass shade, two inches in diameter, and 
bout ten inches long, cemented to a brass cap, and screw- 
ig. on a large stop-cock, having a stout flange at its side, 
ith holes for screws for supporting the whole from the 
'all, or posts, etc. ; at the lower end of the stop-cock is a 
oupling box, for connecting a pipe communicating with the 
pparatus or en^e, the stop-cock closes the communication 
'^hen required ; under the ordinary pressure of the air the 
lercury will stand at O on the scale, near the bottom of 
lie tube; under a greater pressure the mercury will be 
)rced into the tube, and when occupying one half the 
riginal space, will indicate the additional pressure of our 
tmosphere, or fifteen pounds to the square inch ; when 
^upying one third, a pressure of thirty pounds ; one fifth, 
nety pounds, etc. Price, $12.50. 

Vacuum Gauge, or Indicator, — ^Tbe arrangement of this 
Btrument is the same as represented in Fig. 236, in regard 
I the exterior mounting, but having the tube entirely filled 
itli mercury under the pressure of atmosphere, and on the 
imoval of the pressure tne mercury falls, and the approach 
I a vacuum is mdicated by the scale, which is ^duated to 
nrespond to the common barometer ; thirty mches being 
unizied as a vacuum. Price, $12.00. 
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Fig. 897. 




Scales and Weights. — Small scales and weights (Fig. 237) 

used for weighing in chemical experiments, packed in a 

small case ; the weights ranging from half a grain to a quarter 

of an ounce. Price, - 81.25 ; fine quality, $2.50. 

'' larger scales, with stand, on mahogany 

box, with weights, &o. - $10.00 

The Hydrometer, — (Fig. 238, next pi^e.) — Hydrometen 
are instruments used by dealers in wines, spirits, acids, 
alkalies, syrups, and all commercial liquids, for ascertaining 
their comparative strength. 

This instrument, as represented m the figure, consists of a 
hollow glass ball, B, with a smaller ball, U, appended to it, 
and which, from its superior weight, serves to keep the ia- 
strument in a vertical position, to whatever depth it may be 
immersed in a liquid. From the large ball rises a cylindnoal 
stem, a d, on which are m*arked divisions into equal parts; 
and the depth to which the stem will sink in water, or any 
other hquiu fixed on as the standard of specific gravity, being 
known, the depth to which it sinks in a liquid whose specifio 
gravity is required, will indicate, by the scale, how much 
greater or less it is than that of the standard liquid. 

Those most celebrated, are the scales of Baum6, Cartiftr, 
Twaddell, and Guy Lussac. Most of these scales are arbi- 
trary, and formed after the ideas of their projectors, but hav- 
^ ing no particular reference by which they may be understood 
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The centesimal hydrometer, by 
Guy Lussac, is an exception, the 
extreme points being water and 
absolute alcohol ; this space is 
divided into one hundred parts, 
thus showing in alcoholic mix- 
tures the percentage of alcohol 
in the Hquid. They are made of 
glass, brass, and silver, usually 
from six to ten inches long, of 
the form represented in the cut 
(Fig. 239), the graduations being 
marked on the stem. 
Price, Bamn^'s and Car- 
tier's, for spirits, 
in glass, 

" " in brass, 

** ** in silver, 

" acids, " " 

" " m brass, 14.00. 

" " m glass, 10.75. 

TwaddeU's." " jl};?"; 

GuyLussac,*' " $1.00. 
" in brass, $6.00. 
" in silver, $9.00. 



Plff.9». 



$0.60. 
$3.50. 
$5.50. 
$6.00. 




Tahle sJwwing the Comparative Scales of Guy Ltissa^ and 
Baumi, toith the Specific Gravities and Proof, at the 
Temperature ofQO Degrees. 



DUT LU88AG>8 SCALS. 


Bacmb's Scale. 
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Bxpkmatiom of Baumfs SeaU.- 
ploj Baume's hydrometer, or hare oorarion to know the 
Talne of the degrees on hia acale, maj find the foUowiig 
formula useful. 

Let B — Baum^*s degree, and 100 — water. Then 
Specific gravity — ^J^ 

That is to say, 144 divided by the diiSerence between 144 
and the given de^e of Baum6, is the specific gravity in 
question, stated m reference to water assumed «- 100. 
Thus, suppose Baume — « 66°. Then, 
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Specific gravity «» ^^^^ or -q — 1.846 = specific gnvity. 



Scale of Specific Gravities indicated by TwadddPn Seaie, 



Twaddell. 
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^^' ^- Hydmmeter vnth Weigktt, 

—(Fig. 240.) — There » 
a variety of lands of hy- 
drometers, with weights; 
the principal ones are 
Dica's and Sike's, they 
are used for ascertaining 
the strength of spintaous 
liquors. One packed in a 
case is here represented, 
and is formed wholly of brass, and may be described 
as consisting of three parts ; the scale, the ball, and the 
stem, which terminates in a small knob, intended to keep 
the instrument upright when in use. Upon this being piit 
into a long glass, containing spirits of wine, etc., it will smk 
to a certain depth. If the spirit be very weak, it may not 
sink low enough to cover the ball, in which case one of the 
weights is placed above the knob of the lower stem. Ac- 
cording to the weight used, and the degree to -which the 
instrument sinks, reference being had also to the tempera- 
ture of the fluid, the degree of strength is ascertamed. 

Price, tl2 to $25. 
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(Fig. 241.) — ^Thia consists of a hoUow 
eylmder of metal terminated at each 
end by a cone ; from the top of the 
upper cone rises a small stem of brass^ 
terminated by a cup, a, which may be 
flipped off; from the end of the lower 
cone is suspended a cup, e, that is 
loaded with a weight, sufficient to sink 
the instrument in water nearly to the 
base of the upper cone; by placing 
weights in the cup, a, at the top> it is 
immersed to the mark on the stem ; 
if the weights be removed and a solid 
body, whose weight is less than theirs* r^^^ 
placed in the cup, it may be immersed ^ 
a^in to the same mark, by placing weights along 
with the solid in the cup, and thus the weight of 
the soUd obtained $ now place the solid in the cup 
attached to the weight and weigh it in water; 
having now the weignt of the body in air, and its 
loss of weight in water, its specific gravity may be 
ascertained by dividing the weight in air by the 
loss of weight in water, the quotient is the specific 
gravity. Price, $8.60. 

NicJudUovCs Hydrostatic Balance, — (Fig. 242, as above.)— 
This instrument is made of brass, highly finished, and having 
a cage over the counterpoise for confining any solid body 
that is lighter than water. Price, |6.00. 

Prye^B Lactometer, — (Fig. 243, next page.)^-For testing 
the quality of milk ; madie under the direction of the Board 
of Agriciilture of the American Institute, in the city of 
New York, who have strongly recommended it to the 
public patronage. 

This instrument was invented for the purpose of ascer- 
taining the density, and fixing the standard weight, of pure 
unadulterated mUk, as it is produced in the best grazing 
districts in the country, and with a view of detecting the 
frauds practised by adulteratmg milk with water, so often 
complained of W the consumer, m large towns and cities 
throughout the Union. 
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CtoUm water, 



I milk and } water. 



I milk and ^ water. 
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} milk and } water. 



Pure Orange Co. milk, i 
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40 
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tjbr mtlmr A§ hf 
a rf W M< >— rai the fin tolMv 
which acoompanies the in- 
•trament, with the milk to 
be tested at a temperatan 
of about 60 degreea, and n^ 
pend the lactometer in thi 
milk, and if the milk ii 
proof, the inttnunent will 
•ink to the degree maiked 
100 on the acale, or P, iho«F> 
ing that the milk is at par; 
but if the milk has beea 
adulterated with water, or 
has been taken from cowi 
that have been fed on slopt 
from breweries, and kept 
confined in stables in warm 
weather, the instrumoit 
will, in all such cases, sink 
below par, and show the 
per centage of adultOTstioii, 
which, in some instancei^ 
will be 25 per cent, below 
par; but if the milk is saps- 
rior, the instntment wifl 
rise above P, and show dw 
per centage above psz^ 
which, in some instances, 
will be 10 per cent. Each 
division on the scale is 5 per 
cent. 

Any person can test the 
correctness of the lactometer 
b}r mixing water with purs 
milk, and note the per cent' 
age of water which thef 
use, and suspend the instnh 
ment in the mixture, and it 
will give the proportion of 
water added. 

To formers the instrument 
has proved to be very valu- 
able, as a ready means of 
testinff the relative qnaUtf 
of their cows, by inspectiag 
their milk, and also showiag 
the effects produced bj s 
change of the animals' &od, 
as its quality will chaagt 
the density of the milk. 

Price, $1.00. 
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>%•»**• Ths Oleometer, — (Fig. 244.)— The point indicating 
pure spenn oil, is O and S on the top of the stem ; 
that of whale oil, 100 and W. The temperature is 
graduated at 60 degrees, and for every five degrees 
colder you will deduct two marks ; and for every five 
degrees warmer, add two marks. After you get the 
correct graduation, then all variations will show you 
the per centage of whale oil. £ach mark on the 
stem is two per cent. Price, $2.00. 



The Urinometer, — (Fig. 244.) — This small instru- 
ment is intended to ascertain the strength or acidity 
of the urine, and thereby determine the comparative healtn 
of the body, particularly with reference to the disorder called 
diabetes, or the involuntary discharge of urine. 

The graduated side of the scale is marked with degrees, 
by which the comparison may be made on the reverse side ; 
at the upper part is marked the letter W, being the point at 
which the instrument rests when immersed in pure water. 
The next division, marked by the letter H, is the point at 
which it rests when immersed in urine when the body is in 
ffood health ; the letter S is marked to signify strong, but a 
less degree of health ; and the last division, the point at 
which the instrument rests when the disorder of diabetes 
has taken place, and its progress, may be ascertained by the 
surface of the fluid marking an increased degree on the 
scale. 

This instrument is accompanied with a small glass vessel 
for containing the urine, one half ounce of which is sufficient 
to float the instrument therein ; the whole is packed in a 
small round case about four inches long. Price, |2.00. 



Urmary CaWn«<.— -(Fig. 245, next page.) — The cabinet 
consists of urinometer in case, graduated glass for containing 
the urine, bottles for acids, spirit lamp, test tubes, watch 
glasses, dropping tube, thermometer, test papers, <fec., com- 
plete, as represented in the cut ; forming a useful and im- 
portant apparatus for the medical practitioner, and the 
whole of a size that may be conveniently carried in the 
pocket. Price, $8.00. 

20 
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5;ja«- Tube to show ike SelaHve Weight qf Flwdtr-' 
y? Fig. 246 consists of a glass tube, bent and graduated 
^^ - as represented in the margin ; on pouring into the 
I upright branches, equal quantities Ipr wei^t of the 
- respective liquids, their relative weights would ap 
^ ~ pear on inspection ; being invensely as the heightB to 
which they would rise In the branches of the tubCi 
The accuracy and utility of such an instnunent an 
augmented by filling the lower portion of the tube 
V^^ with mercury, and the graduated branches beinff of 
equal diameter, given weights of any liquids^ wnidi 
would not act chemicdly on the mercury, will show, fajr 
their respective heights on either side, how much greatv 
space an ounce, a dram, or any other quantity of one liquid 
would take up than an equal quantity of the other ; nd 
hence it would appear how far the specific gravity oif tk 
latter exceeded that of the former. 

Price, tO.75 and $1.60. 

Hydrostatic Figures, — (Fig. 247, opposite page.V— Tbii 
consists of a tall glass jar, supported on a foot, ana neazif 
filled with water, or alcohol and water, to prevent its fn»- 
ing in cold weather, into which small hollow glass figoni^ 
as men, a balloon and car, etc., are floated ; ihey are made 
of variously colored glass and curiously ornamented ; Itey 
have a small hole in Sie lower part, through which they IK 
partly filled with water, till they will just float in ihit laoA 
and the addition of a litUe more weight would cause t«a 
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to sink. The jar is dovered at its mouth air-tight 
"with a piece of gum elastic, over which is tied a 
piece of fancy leather. If the leather be now 
pressed inwards with the finger, the water being 
almost incompressible, and the air highly so, that 
contained in the Utile images will yield to the com- 
pressing force, and becommg contracted water, will 
enter, and the images thus becoming specifically 
heavier than they were at first, will descend to- 
wards the bottom of the jar ; on the pressure above 
being removed, the air in each image recovering 
its elastic force, will expel the water, and the 
images will rise as before. 

Price, - - $2.60 and $4.00, 
*' Figures, only, $1.00 and $2.00. 

The Siphon (Fig. 248) is an instrument used 
to decant fluids, or convey them from one place, ^ 
over an obstacle that is higher than their surface, 
to another that is lower ; its form is exceedingly simple, be- 
ing nothing more than a crooked tube. 

If a common siphon, with one side longer than the other, 
be filled with water, and inverted or held with the open 
ends downward, the atmospheric pressure acting equally on 
both sides, and the liquid columns being imequal, the water 
will escape through the longest leg, falling in virtue of its 
necific gravity; but if, when such a siphon is filled, its 
■hortest leg be plimged beneath the surface of the water, 
not only will the liqiud all nm out of the longer 
kg, bift it will also rise in the shorter and be dis- ^*«- ^^' 
eharged from the other in a continued stream, till 
it sinks below the open end of the shorter leg ; 
if the siphon be used without previously filling it % 
with the liquid about to be decanted, though 
the liquid will rise in the shorter leg, it will not 
ucend beyond its own level so as to pass over 
the bend in the tube and escape, unless it be 
drawn out of the longer leg. 

The siphon represented here has an additional 
tQbe, open at the upper end, and communicating 
below with the longer leg of the siphon; the 
diorter I^ then being plunged in any vessel of 
liquor, the opening in the longer leg is to be 
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scopp^ with, the haad or adisrwBe^ and W saetion Mlk I 

eiui of ch*» addidoosil cabe. che liquor may be made to pa I 
or<>r the l>»nd. axui till cJie lungier kg; when, bdmg saSad | 
to «ac:%p<T ^t <:oiiQxu2iss co daw as loni^ as the extrendtji 
imnuini^ in it. Prue. in ;^iaiiB, #0. 75 and #1.00. 

in metal, |0. 75 and $1.25. 

witkoot suction tube, #0.37. 



f* M>. The Whrtembery 5*p^on.— This it 

scnnnent (Fig. 249), when oace £jed 
with liquid, wiH remain so, and hace 
mav be huzig up in that state reidj 
for use. One leg being plunged inn 
a vessel of the liquid to be drawn ofi^ 
it win escape throogb the open extz«- 
miCT of the other leg, in consequence 
of the adititional pressure of the Uqvid 
in the TesseL Siphons can onlv 1)e 
used fiL^" transferring liquids firoa 
higher to lower levels. 

Price, 38 cts. and 75 cts. 
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Tantalus Cup, — ¥]g. 250 consists of a cup 
with a siphon so adapted to the cup, that the 
short leg being in the cup, the long leg nui 
go down through the bottom of it. When t 
liquid is poured into the cup, it will rise in 
the cup until the height c^ it is above that 
of the bend of the siphon, when the siphon 
will begin to act, and the whole of th'e water 
run out. It is called Tantalus Cup, because 
thr; siphon is usually concealed by a small 
figure endeavoring to drink, but who is foiled, 
for irrirriffdiaUsly the water reaches his mouth it flows awaj. 

Price, *2.50. 



Fi((. V,\. 




Uauble-bodied Vessel.— {Yig. 251.)— This 
cut represents a piece of apparatus called a 
double-bodied vessel, the only communica- 
tion between the upper and lower portions 
of which is through the tubes C and D ; if 
the part B be filled with water to the neck, 
II nd A with port wine, so as to rise abore 
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the tube, D, still no mixture or alteration in the state of the 
liquids will take place, for the lightest occupying the 
highest situation -vnll retain it undisturbed. But if the 
lower part be filled with port wine, and the upper with 
water, the former fluid will ascend through the tube, D, 
and the latter descend through the tube, C, till they have 
entirely changed places. Price, $1.60. 



Lifting Pump. — (Fig. 262, next page.) — Represents a 
model of the common or lifting pump ; it consists of a ^lass 
cylinder or chamber, b o, having a piston or box, c, with a 
valve opening upwards, the piston being raised or depressed 
by the rod d and handle e ; also, having a valve, h, opening 
upwards, at the bottom of the chamber, to which is attached 
a pipe. A, of sufficient length to reach the water. At the 
top of the chamber is a reservoir, having a pipe as an outlet 
for the water. To use, take hold of the handle, e, and 
thereby draw up the bucket from b to c, which will make 
room for the air in the pump, all the way below the bucket, 
to dilate itself, by which its spring is weakened, and then its 
force is not equivalent to the weight or pressure of the out- 
ward Mr upon the water in the vessel below ; and, therefore, 
at the first stroke the outward air will press up the water 
into the lower pipe, and after a stroke or two, will penetrate 
through the valve, h, and occupy the cylinder or barrel, b c. 
Upon depressing the bucket again, the water cannot return, 
because any force applied above will necessarily close the 
valve, H, and the bucket in returning will press upon the 
water, until the pressure of the water upon the under surface 
of the valve in g, will open the valve at that part, and 
escaping through the hole, will occupy a space above the 
bucket G. The next stroke of the handle will have a double 
effect, it will draw up the water from the well, as in the 
former instance, so that it shall again fill the cylinder, but 
with fresh water ; for it will be readily seen, that the lifting 
of the bucket after the water has obtained access above it, 
does not replace that water as before, but the very circum- 
stance of lifting the handle will close the valve above, and 
the water will be lifted up at the same time, filling the 
reservoir, d, which will discharge by the pipe, f. 

Price, $3.00 and $4.60. 
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Forcing Pump. — (Fig. 263, as above,) — A pump wHcli 
ia capable of driving a stream of water above the pump 
barrel by means of coin pressed air^ and illustrates tbe acticHi 
of the fire engine* It consists of a glass cylinder^ d, witt 
solid pbtoD, o, connected hy a rod to a handle, e ; at tbe 
bottom of the cylinder there is a valve, h, opening tipwardSi 
having a pipe for communicating ^vith the water, a stroi^ 
glass air vessel, k, at the top of which b a cap and jet, tie 
lower part, i, extenduig nearly to the bottom of the wr 
vessel, where there is a valve, p, opening upwards, and a 
bent tube, m; connecting the air vessel with the cylinder of 
the pump ; the jet is sometimes made so that it may be 
turned in any direction. To use, the pump-handle and pistoa 
are drawn up ; a vacuum being produced below the pistoti» 
the preisure of the atmosphere on the water of the weU 
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drives the water through the valve at the bottom of the 
pump cylinder, and thus the cylinder is filled with water ; 
when the piston is forced down again, the water cannot pass 
through it, nor back again into the lower part of the pump, 
and it is forced through the bent pipe into the air vessel, k, 
or condenser; and when the piston is raised again the valve 
shuts, and prevents the water in the air vessel from returning. 
Thus, by repeated strokes, the water is forced into the an: 
vessel tul it rises above the end of the jet pipe, i, and then 
begins to compress the air, which is more and more com- 
pressed, as the water rises up the pipe, and the air begins 
to act forcibly by its spring against the surface of the water, 
and this action drives the water up through the pipe, i, from 
which it spouts to a great height, and is supplied by alter- 
nately raising and depressing the handle, e ; and as the spring 
of the air continues while the piston is being raised, the 
stream, or jet, will be imiform as long as the pump is 
worked. Price, fs.OO and $6.00. 



Fig. 264. 



Forcing and Lifting 
J^ump in Frame, — ^These 
models (Fig. 254) consist 
of a forcing and lifting 
pump, mounted in a ma- 
hogany framed stand, 
having a reservoir to hold 
water. In the forcing 
pump there is a variation 
from the former descrip- 
tion, the jet pipe being 
connected near the neck 
of the air vessel, and not 
on the top, as before de- 
Bcribed. 

Price, $10.00 and 
$12.00. 



Hydrostatic Instrument for showing the Rise of Water to 
its Level, and other Fxperiments. — This mstrument (Fiff. 
266, next page) consists of a large glass vessel, with a neck 
on the lower part cemented into a brass cup, and supported 





im E tifiJMi Imse ; to Ibe sides of the brass cup are said 
tnm tmhea^ ^x>«l one bdi b diameter, aad fire v 
loDg- ; at tlie end of one there m a jmnt hayiiig a ioag 
tube, whieh majr l>e incliiied to any angle ; the other tu 
temuimted m a socket^ into which tuDes of vanouB gI 
mmj be inserted, a Ton^tj of which, each attaehed to a 
fitliDg the socket, accompany the instrument ; also a d 
tube to illustrate tniermitling springs, el€. This iustrti 
is designed to show that in tubc^ that have a commumci 
whether they be equal or unequal, short or oblique 
fluid always rises to the same height* Price, $7, 




Ifylm^taiic BguiJihrinm.^-(Fig. 256, as above,)- 
nrrflD^cment consists of a tia bor^ A B, formed as \ 
iented in tlie cut, with the two raiaed extremities o| 
top ; the Bides are made of glass, water tight, havinj 
difteiently shaped tubes, cemtmted iolo caps, on the s 
of the oblong part. To use, fill the vessel whh wa 
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the height marked by the horizontal line marked in the cut, 
which is a little above the upper ends of the four tubes ; it 
will be found that the liquid will pass laterally into the 
tube, C, ascend directly in D, and circuituously in E, while it 
first descends and then ascends in F, rising equally in all the 
tubes, and spouting out till the water is reduced in the side 
tubes to the level of the summits of the internal ones, when, 
the equilibrium being established, the liquid will remain at 
rest. Thus, it follows, that any number of columns of a 
liquid, freely communicating, whatever may be their re- 
spective diameters and figures, will always have the same 
vertical height. Price, $2.50 and $4.00. 



Hydrostatic Equilibrium. — (Fig. 267.) — Another appa- 
ratus to exhibit the same effect as the last, in which a small 
column of water supports a much larger quantity. 

Price, $3.00. 



Fig. 257. 



Fig. 958. 





Hydrostatic Paradox. — Fig. 258 consists of a pair of scales 
mounted on a brass stand, having a wide mouthed glass jar, 
or cup, suspended from one end, and the other end having 
the usual scale pan. On the pillar supporting the scales, 
there is a brass slide with a mitled-head screw for fastening 
it at any height required, to which there is an arm bearing 
a round block of wood loosely fitting the glass vessel. To 
use, let the jar, nearly filled with water, be poised by loading 
the opposite pan with the requisite weights ; then after 
marking exactly the height the liquid stands, pour out a 
part of it and immerse the block of wood, supported by the 
arm free from the sides and bottom, just deep enough to 
raise the remaining liquid to the same height as at first, at 
which it is screwed fast, when the balance will be again 
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exactly equipoised. This effect of the vertieal pressuN of 
Hquids ma J bfs f ariousljr exhibited* and the results are cnn- 



ovB and Important. 



Flf . SS9, 




Pricey fS.OO. ^ , 



7^^ fftfdrostaiiG Belhwh 
— (Ftg;. 259.)— Thk iusta^- 
mefit is sometimes called 
the hydrostatic paradoi, 
from the fact, that a reir 
great weight may be bal- 
anced by a sin all weigbt of 
water. It consists of two 
round boards, from one 
foot to one and a half la 
diaineteri attached to one 
another by leather going 
aD round themj and making 
the space with in them 
water tight ; there is a hole 
in the upper board over 
which is screwed a metal 
pipe, about four feet longj 
with a funnel at the top, 
for conveniently introduc- 
ing water j and filling ihi! 
space between the boards 
till the water stands to a 
height of three or four feet 
in the tube, when it will 
sustain the weight of one 
or two men without forcing 
the water out. The leather 
IS stout, and prepared so 
as to be water tight under 
a great presure : the tube 
jouited that it may be more 
portable, and also showmg 
the effect of a column of 
water of a less heights 
Price,- * - Id 00. 

'* extra large, 1^,00. 



J 
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ssel for Spoulin^ Fluids. — (Fig. ^^«- ^^^ 

— Tils iostrujnent consiBts of & jl 

ned tin vessel as represented in 
ut, usually from twenty -four to 

inches Ligli, havtng five pipes or 
ffith exactly the same siaed aper- 
fijced on the side of the ves^l at 

distances apart ; tlie top of the 
1 is enlarged for a reservoir, and 
i^^hole IS niouuted on a circular 

estunaimg the lateral pressure of 

s, the vertical height must be 
into the account ; since the ef- 

e force with which a hquid acta 

St any given point in the side of 

ontaining vessel will depend on 

lepih of that point beneath the 

ce of the liquid. 

m will appear from the manner 
§k water flows from apertures in the side of a cistern, 
velocity of the streimi will always be exactly pro- 
led to the distance of the point of discharge from the 
ir surface, and the consequent degree of pre^ure 
takes place. Suppose a vessel j a, to be filled with 
and lo have three or more tubes or pipeSj b, c, n» of 

lengths and diameter^ fitted into lateral apertures at 
t heights ; then if the liquid were suffered to flow 
lie pipe D alone, the others being stopped, a greater 
\j of water would be discharged in a given time than 
pipe c alone, and a greater quantity would issue 
be latter in the same time than by the pipe b only ; 
rter being kept at the same levelj so as to maintain an 
fy^ of pressure during the whole time it was flowing, 
all the pipes were opened together, the water woula 
lo a greater distance from the pipe d than from either 
others. 

quantity of water spouting from any hole in a given 
aust necessarily be as the velocity with which it flows ; 
therefore, the hole o is supposed to be four times is 
elow the surface a, as the hole a is, it follows that n 
Bcharge twice the quantity of water, that can flow 
its the same time, becait^ 2 is the square root of 4* 
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So in like manner, if d had been nine times the depth of b, 
4;hree times the quantity of water would issue from ift^ 8 
being the square root of 9. Price, $5.00. 

Fig. 961. 



Archimedes' Screw (Fig. 261, as above^ is a machine for 
raising water ; it is represented and descnbed as follows: 

A is a hollow pipe, coiled around a cylindrical ans; 
which axis is inclined at an apgle with the ground, and sup- 
ported at. each end upon pivots, the upper pivot being ftur- 
nished with a handle. When this is turned round, the lower 
end of the pipe dips into the water in the well below, and 
turning upwards directly scoops up some of the water. 
When the end points up, the part B will become lower than 
it ; therefore the water will fall to B. Another half turn of 
the handle brings C to the lowest point, and the first water 
will occupy that part of the tube ; at the same time more 
water will be scooped up at the end. In a number of turns 
of the handle, equal to that of the coils of the tube, the fint 
water will reach, and flow out at the top ; and from that 
time a flow will take place at every revolution of the 
machine. Price, $9.00. 

Barker's Mill. — (Fig. 262, next page.) — ^This engine, » 
represented in the annexed figure, consists of a hoSow cy- 
lindrical metal pipe, A B, of considerable height, and t»- 
minating above in a funnel-shaped cavity. The pipe is 
supported in a vertical position, by resting below oa » 
pointed steel pivot, turning freely in a brass box, adapted 
to receive it ; and the upper part has a cylindrical steel 
axis, C D, passmg through a board, supported by uprighii 
at l^e sides. The hollow tube, A B, communicates witht 
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ube, E F, closed at the extremities, Fig. 262. 
ring adjustible orifices at the opposite 
Lear each end of the cross tube. A < 
-, above, communicates with a supply 
3r, which it discharges into the fimnel 
top of the vertical pipe, B ; and the 
must be so regulated that the pipe 
e kept constantly filled with water 
t running over ; while the orifices in 
)8s-pipe at £ and F will deliver the 
rith a force proportioned to the height . 
iolumn in the tube, A B, and the aper- 
eing in opposite directions, the spout- ' 
rents will communicate a centrifugal 
to the vertical tube and its axis, C D, to which may be 
d a toothed wheel connected with any other machi- 
The action of this machine does not, as sometimes stat- 
»end on the resistance of the atmosphere to the jets 
le cross-pipe ; but is wholly owing to the hydrostatic 
•e of the column of water in the vertical tube, which, 
g great force on the interior of the horizontal tube, and 
ree being removed from the points whence the water 
the pressure on the corresponding points, on the 
:e parts of the interior of the tube, tends to make it 
i, the action of both jets producing motion in the 
irection. Price, $5.00. 




trifugal Pump. — (Fig. 
-A machine for raising 
dependent upon centri- 
orce, combined with the 
re of the atmosphere, 
sists of one, two, or more 
3rect below, and branch- 
t above, joined to a ver- 
ixle. Near the upper 
lity of each arm is a 
iralve opening upwards ; 
near the bottom of the 
d tube, or the bottom 
h (if there are more than 
is a similar valve, also 
vg upwards. Water be- 
21 



Fig. 263. 




oMt^M^i^mm* 



ing poured into the machine before tisiag^ aod a rapid mo* 
tion bebg given to it by a handle at top, the water in tiie 
armt acquires a centrintgal force, opens the valves a£ the 
end I and liies out intiO a circular trough prepared (or it 
TMfi machine ia iimple, but not so eEeetive, as a well*mad« 
pump. Price, 110,00. 

^^«-^*' ^raAwiffl'* ff^rmlk 

Pms.— (Fig. 264.)— This 
is a valuable instrumeat, 
and one by whieh a pr(> 
digious power is obtaind 
with the greatest eaie, 
and in a very smaU cora- 
pass. The size of th« 
model reprefiented is usu* 
ally about twelve to four* 
liicn inches square, with i 
cyHader about four mcbes 
diameter^ 

Its action depends upon 
the principle that fluids 
transmit pressure ©quilly 
in all directions* A m\A 
pialon, B, IB construcieJ 
so as to move water-l%lii 
in a cylinder. The space 
heoeath the piston is lilled 
with water, and communi' 
cates by a small pipe with a forcing pump, worked by the 
piston, Bj by means of the lever, a, and by whieh the water, 
which is contained in the ci^stem, g, is forced through thfi 
valve, n, into the large cylinder. The large piston bdog 
thereby driven up, carries with it the bed, h, and presses 
closely together whatever may be above it. Whatever prea* 
sure is exerted upon b, m transferred to e, and is inereasfld 
according to the relative size of the two pistons, Suppaafi 
for example, the piston at b to have a superficial area of oot 
inch, and the large cylinder of ten inches, then every tsn 
pounds pressure put upon b, will be increased by e ten*foW, 
and become one hundred pounds j and as a person mij 
exert a force of fifty pounds on the lever, this weight aloof 
Will give a pressure of 100X50 pounds, or more than 3 Um 
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ftnd that iridi a pump, the large cylinder of which is not 
more than 4 inches diameter ; and by decreasing the smaller 
tabe from one inch diameter to half an inch the power will 
be increased four-fold, or to nearly 9 tons. 

Price, $40.00. 

Fig. 265. 




Hydrostatic Paradox with Movable Piston. — The displac- 
ing of any portion of fluid by a fixed solid, whatever bo the 
iireight of the solid, produces no difference in the weight of 
the fluid, provided it stands at the same height as before, 
and raising the height of the fluid by plunging a solid into 
it, increases its pressure, or apparent weight. If the fluid 
18 raised by pressing or forcing it upwards, in however thin 
a column, provided the vessel be kept full, and closed in all 
directions, the pressure of the fluid and the apparent weight 
of the vessel will be increased, although nothing whatever, 
either solid or fluid, is added to it. To illustrate this prin- 
ciple, the instrument represented in tlie above cut (Fig. 
285), is used. The cylindrical vessel, a b c d, has a glass 
tube closely fitted into its top, and a rod, e c, fixed to a 
platey F o, moving up and down, water-tight, in the cylmder^ 
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which 18 represented fitted to a frame inth the end ci tbi 
rod, B, attached to one end of a halance. 

The plate being at the bottom, o d, water is poured into 
the vessel, so that it rises nearly to a b, but does not liaeift 
the tube. It is then balanced by a weight in the scale, l 
If the rod e k is drawn up so as to raise the plate and 
force some of the water into the tube, the water will seem 
to weigh more than it did ; and to restore the balance, more 
weight must actually be put into the scale l. If the vessel 
is three inches diameter, every inch that the water rises 
in the tube will require more than four ounces to be added 
to the weight, whatever be the bore of the tube ; for the 
pressure of the water in all directions will be increased by 
the weight of a body of water, whose height is the height 
of the water in the tube, and whose base is the extent of 
the surface of the water pressing on the top, a b, of the 
vessel. Now the top being three inches diameter, its surface 
is about Ijj square inches ; and a portion of water one 
inch high, and V^y square inches broad, is 7-Jj cubic inches 
of water, which weigh about four ounces. Thus, raising the 
rod a foot will add three pounds to the apparent weight of 
the water. 

This principle, from its extraordinary illustrations, is call- 
ed the hydrostatical paradox ; paradox being a word from 
the Greek, and signifying something, which, though true, 
appears when first considered to be untrue. When we are 
told that any quantity of water, however small, may be so 
employed as to balance any quantity of water, however 
great, we are at first startled by the apparent impossibility 
of the statement. But when we come to examine it more 
closely, we find it to be accurately true ; for the small tube 
in the foregoing figures may be made ever so narrow, and 
to hold ever so little water, while the wide tube communi- 
cating with it may be made ever so large, and holding ever 
so much water ; and the level at which the water stands in 
both tubes will be the same. So in the scales you may 
plunge as large a body as you please into the vessel of 
water, and leave as little water in the vessel as possible; 
still, if what you leave stands as high as the whole quantity 
stood, it will, by weight and pressure together, produce as 
much effect as the whole quantity of fluid. 

Everything, under these circumstances, depending upon 
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e heifflit and the surface, and very little upon the bulk of 
e fluid, we may easily perceive what mischief may be done 
' a very small quantity of water, if it happens to be ap- 
ied or distributed, so as to stand high, in however thin a 
►dy or column, and to spread over a wide but confined and 
aUow space. 

Price, with balance and frame, complete, $25.00^ 
21* 



ELECTRICAL APPARATUS. 



PIKE'S IMPROVED PLATE ELECTRICAL MACHINE. 



This elegant electrical machme (Fig. 266, opposite page) 
is mounted on a large base, supported from the floor by four 
stump feet, and on the top there are fastened by screw bolts 
two turned columns, with a cap also fastened by screw 
bolts ; near the centre of the columns, the axle, made of 
polished steel, is supported, bearing the plate/ which is 
pressed at opposite sides of its circumference, by two pairs 
of elastic rubbers, secured between the colunms ; the press- 
ure of the rubbers may be regulated at pleasure ; to one 
end of the axle the winch and handle is fixed, by which the 
plate is easily turned. The conductor consists of two up- 
right brass tubes, two and a half to three inches in diameter, 
haying large brass balls at each end and in the middle, 
also a cross tube connecting the two together at the top, 
and having a ball in the centre. From the lower balls and 
opposite the centre of the plate, there are brass arms extend- 
ing half across the plate, with rows of teeth for collecting 
the fluid from both sides of the plate. The conductor is 
supported on bases, by four strong glass pillars, set at each 
end in brass sockets, and secured to the base by screw bdlte, 
all of which may be taken apart for convenient transporto* 
tion. These machines are made with plates of 24, 27, 80» 86, 
and 44 inches in diameter, with framework in proportion 
made of mahogany or rosewood, handsomely poHshed, and 
with conductors of brass, highly finished, from four to aefen 
feet high, having balls, wires, and suitable holes for comieci- 
ing other apparatus. These machines are by far the most 
durable and elegant la Wievt cQi\struction of any in use; 
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manj of our fir^t imutadons are imng them wkb Urn 
li%hefit satisf action. 

Priise, with mahogany frame, 

t4 bch plate, 175 : ra rosewood, |6!J 



27 '* 


<* 


IS5; 


191 


30 •* 


Jl 


11 10; 


»1SI 


aa ** 


M 


1130; 


#14( 


40 " 


4( 


1165; 


tl8^ 


44 '* 


4f 


$200 ; 


t2£< 



plaie (Fig. 267) represents m convenient and gubstfln^l 




ULEDTRICAL APPARATUS, 



am 



of construe tmg the conductoT of a plate macLine, occu- 
but little room on the lecture table. The raachme,^ 
.rds the mo anting of the plate^ is aiTanged as Cuth- 
lon's, having a longer base and stout glass supports at 
ti end; beyond the edge of the plate and opposite thereto, 
w^hich are placed the conductor, which is formed of long 
ss tubes about 2 inches in diameter, having large balls at 
h end, and connected together at the top by a tube of the 
le sbse. To the lower balls are arms, having rows of 
MSf and collecting the fluid from both sides of the plate* 
|e are suitable holes in different parts of the conductor 
inserting electrometers, wires, &c, 
■his construction of the electrical machine has given tha 
\t satisfaction to those who have used them. 
Price, 1 3 -inch, 
*' lO-inch, 
" 20-mch, 
F\S' sea 



$25.00, 
130.00* 
t38.00* 




thbertmn's Plate Ehctrlml Mavhlne, — This machine 
! 268, as above) consists of a plate of glass, of not less 
[12 inches diameter, turning on an axis that passes at 
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riffbt angles through iU centre. It is rubbed by two pair 
of cushions, fixed at opposite parts of the circumference by 
elastic frames of thin mahogany, which are constructed so 
as to press the glass plate between them with the requisite 
force, by means of regulating screws. A brass prime con- 
ductor, supported by a stout glass rod, is fixed to the frame 
of the machine, terminated at one end by a wire, with a 
brass ball, and having branched extremities opposite each 
other, and near the extreme diameter of the plate, in a 
direction at right angles to the verticiU line of the opposite 
cushions. The branched extremities of the conductor are 
furnished with pointed wires, that serve to collect the elec- 
tricity from the surface of the excited plate. This form of 
the plate electrical machine is now httle used, the more 
modem style being preferable. Price, 12 inch, $25.00. 

15 " $30.00. 
" 18 " $38.00. 



Fi«^9- Plate Glass Electrical 

Machine {French Plan).— 
This arrangement (Fig. 269) 
represents one of the French 
forms of mounting the plate 
glass electrical machine, 
having but one pillar sup- 
port, made very stout, to 
the axis of the machine. 
Two pmrs of rubbers at- 
tached to large brass balls, 
are supported by insulated 
glass pillars, the balls be- 
ing connected together by a 
brass tube, in the form of 
an arch, extending over the 
plate, forming the negative conductor to which the rubbers 
are attached. The positive conductor with circular arms, 
having rows of brass teeth at the ends, is mounted on a sepa- 
rate movable insulated stand. 

Price, with 20-inch plate, $50.00. 

PlcUe Electrical Machine, for positive and negative Elec- 
tricity, — This electrical machine, having a frame of maho- 
gany or rosewood, in the form of a cross, is represented in 





p 270, and m mounted on four stump feet, about 6 cw 8 
mes from the floor, or table, on which it is used. On the 
orter arms of the fnimej two pUlars are attaclied by screw 
Its for receiving the nxle of tlie plat«, which axle is made 
polished steel, with a brass crank and rosewood handle. 
ke rubbers consist of two cushions of leatlier, connected 
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together by a stout bniss spring, having a screw to give 
them tlie required pressure ; supported on a stout swelled 
class pillar, cemented into a polished brass base, and being 
firmly held by a screw and nut beneath the frame. Over 
the rubber is mounted a largo and well-polished brass ball, 
which is the negative conductor. The positive conductor is 
a well pulished brass cylinder, having swelled ends ; the one 
having arms embnicing the plate with rows of points for col- 
lecting the iluid ; the other having a wire with a balL The 
conductor is supported on a stout swelled glass piDar, 
mounted in a socket, by which the pillar can be Bepuaied 
from the conductor, and at the frame cemented in a Daseyis 
the rubber, witii nut and screw to fasten. The fiamei are 
made of mahogtmy or rosewood, highly polished, and the 
brass work elegantly Hnished. The plate and all the piDan 
are attached by nut and screw, and may be taken off for 
convenient transportation. 

Piice, IC-inch, t20.00 and $25.00. 

20-inch, $34.00 and (38.00. 

24 inch, $50.00. 

30-iuoh, $85.00. 

30-inch, $130.00. 

42-inch, $200.00. 

Naime's Cylinder Electrical Machine (Fig. 271, next page) 
consists of a hollow cylinder of ghiss, usually eight to tea 
inches in diameter, supported on a rectangular base, as in 
the preceding machines described. Two hollow metallic 
conductors, about twenty inches in length and four inches 
in diameter, having hemispherical ends, are placed parallel 
to the cylinder, one on each side, upon two insulating pillars 
of glass, which are cemented into two separate pieces of 
wood, that slide across the base so as to allow of their being 
brought within ditFerent distances of the cylinder, and having 
screws entering the bise for clamping fast. To one of these 
conductors the cushion is attached, being fastened to it by 
a spring and two brass rods fastened to the cusliion, the 
rods entering holes for the purpose in the conductor, and 
moving freely tlierein ; the spring causing it to press equally 
against the cylinder in every part of its revolution. The 
pressure of the cushion is also further regulated by the 
adjusting screw at the base. From the upper edge of the 
cushion there proceeds a flap of black silk, which is sewed 




an the cushion about a quarter of an inch from the upper 
edge ; it eitends over the upper surfiice of the glasa cylinder 
to within an inch of a row of metallic points, proceeding' Uke 
the teeth of a rake from a horizontal rod, which is fixed to 
the adjacent side of the opposite conductor. The motion ia 
given by a simple handle — formerly a multiplying wheel 
was used, but it has many disadvantages and is more labori- 
ous. The conductors are usually made of metah japaned 
black, perforations being made at the ends and on the top 
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about the size of a quill, for the purpose of attaching wires 
and other kind of apparatus. This machine is the best for 
showing the effect of positive and negative electricity. The 
conductor to which the rubber is attached is the negative, 
and the one ha\ing the points the positive or prime conductor. 
If it be required to accumulate positive electricity, a chain 
must be carried from the negative conductor to the floor. 
If, on the other hand, negative electricity be required, then 
the positive conductor must be put in connexion with tbe 
ground, and the other insulated. 

Price, with two condactora, 8 inch, t22.00. 

" " " 9 inch, $26.00. 

" " " 10 inch, $28.00. 

To use the Meetrieal Machine. — ^Let the macbine be care- 
fully wiped with a clean silk or linen cloth, to free it entirely 
from dust ; spread a little amalgam evenly along tbe cushion, 
turn the machine with rapidity for some time, obBerving if 
the whole surface of the cushion is covered with the amal- 
gam ; remove all the amalgam adhering to the glass, attach 
a chain to the rubber to connect with the jQioor, or place the 
band on the rubber, gently pressing it, frequently wipins the 
whole machine with a silk cloth free from dust, which m an 
excited state it readily attracts. 

The most powerful excitation of the machine is produced 
as follows. Let the machine be placed within the influence 
of a good fire, but not so near as to injure any of its parts 
by the action of the heat. With a flat round-'pointed knife 
spread a little amalgam evenly along the cushion, and return 
it to its place ; turn the cylinder a few times round ; then 
take oiF the cushion, and observe carefully those parts on its 
surface that have not been touched by the cylinder while 
revolving ; on these parts put a little more amalgam, and 
repeat the process of turning the cylinder, and supplying 
the defective parts with amalgam, till every point of that 
part of the surface of the cushion which presses on the 
cylinder appears to be properly supplied with amalgam. 
Take now a piece of leather, about five or six inches square, 
and spread over one side of it a quantity of amalgam; 
throw back the silk flap, and, turning the machine gently 
round, applied the amalgamed side of the leather to ^ 
cylinder, for the space of two minutes or more, as circom- 
stances may require, during which time tbe excitaticm will be 
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observed to increase rapidly. The cylinder must next be 
wiped perfectly clean with an old silk handkerchief, and 
afterwards with a soft dry linen cloth. Let the cushion be 
again removed, and the amalgam which appears above and 
below the line of contact with the cylinder carefully scraped 
oflF, the silk flap wiped with the linen cloth, and the whole 
returned to its place and made fast. K now the cylinder be 
turned slowly round, streams of the electric fluid will be 
seen rushing from the silk flap round the lower part of the 
cylinder, attended with a hissing and snapping noise, while 
large brushes of the same, of several inches in length, may 
be observed flying oflF from Ihe lower edge of the silk into 
the surrounding air. The machine is now fit for use, and 
may be fastened to the table ; after which the whole of its 
parts are to be well wiped with a warm and dry Imen cloth, 
to free them from dust. 

The operator, however, must not expect this high and 
ricb state of excitation to be of long duration. The cylinder 
will soon cool ; dust will be attracted by the action of the 
macbme ; and the moisture produced in the air of the room 
by the breaths of his audience, will, by their united effects, 
rend^ all his efforts to produce a copious supply of elec- 
tricity entirely fruitless. 

To remedy this defect, which gentlemen who deliver 
public lectures on electricity have often found to be a griev- 
ous one, and surroimd it with a dry atmosphere entirely 
preventing the deposition of the moisture of the room from 
settling on the machine, provide a box of thin plate iron, ten 
or twelve inches long, four inches wide, and one inch and a 
half in depth, with a lid to fit very easily over it. In this 
box a piece of bar iron, of about six inches in length, three 
in breadth, and half an inch in thickness, after being heated 
in the fire to a dull red heat, is to be placed, the lid of the 
box put on, and the whole, on a suitable iron stand, placed 
under the cylinder, on the board of the machine, in a longi- 
tudinal direction. The radiation of heat from the iron will 
effectually preserve the equality of the temperature of the 
surrounding air for a considerable length of time, and in- 
deed for any length of time required, since, by employing 
two bars of iron, the one may be kept in the fire, while the 
other is in the box, and thus no other interruption in the 
course of the experiments will be necessary beyond what is 
occasioned by the changing of the irons. By this means 
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hes in diameter, and from eight to fourteen inches in 
supported on a rectangular base by two upright 
columns, by means of caps on the ends of the cyhnder, 
5 having a short pivot, the other a long one, passing 
h the column, and terminated by a winch and handle 
ch the cylinder is turned on its axis. The upper part 
column is divided horizontally at the centre of the 
3r axle, and secured by screws each side of the axle ; 
aiTangement the cylinder may easily be taken out 
it in the frame. Before the cylinder is a cushion, 
extends in length to within an inch of either end of 
inder, which should be soft and yielding ; the cushion 
lorted by a glass pillar where negative electricity is 
d, but more commonly by a turned mahogany pillar, 
at its base a slide to move backwards and forwards, 
stout screw to clamp it fast, whereby the pressure on 
hion can be regulated ; the conductor is a cylinder 
al from fourteen to eighteen inches in length, and 
four inches diameter, with rounded ends, usually 
3d black, and is supported on the side of the cylinder 
e the rubber, having a row of brass points on the side 
8 the cyhnder for collecting the fluid ; there are 
. with holes at each end of the conductor, and also 
top for attaching apparatus, wires, <fec. To the up- 
re of the cushion is attached a piece of black silk, of 
fth of the rubber, which extends over the cylinder to 
aa inch of the row of points. 

Price, 4 mch, I 8.00 ; 5 inch, $10.00. 

" 6 " $12.00; 7 " $14.00. 

" 8 " $16.00; 9 " $18.00. 
10 " $22.00. 

Small Cylinder Electrical Machine, — ^This plate (Fig. 
txt page) represents the cylinder electrical machine, 
simplest and one of the most convenient forms in 
it can be constructed. The base is a rectangular 
f wood, having upright pieces of wood firmly attached 
t>ase, and supporting the caps attached to the cylin- 
> one of which is a handle, by which the cylinder is 
On one side is a cushion of leather fixed to a pillar, 
ving a screw at the base to regulate the degree of 
« on the cylinder. On the other side of the cylinder 
tal cylinder with rounded ends, supported by a glaai 
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rod. On one side is a row of sluurp points, to draw Uie 
electricity from the glass ; and on the Mter, a hole, hanng 
a wire with a brass ball thereon. A flap of black silk, or 
oiled silk, is attached to the rubber, to prevoit the diaaipi* 
tion of the electricity from the surface of the cylinder befoM 
it reaches the points. Price, 4-inch, $8.00. 

" 5-inch, $10.00. 

" 6-mch, $12.00. 
• 
TTie Electropkorus. — (Fig. 274, next page.) — ^The electro- 
phorus is certainly a very remarkable source of electiical 
accumulation, and is an instrument which, for many light 
experiments, forms a good substitute for the electiKsl 
machine. It consists of a metallic plate, with a rim abont 
half an inch deep, containing a resinous plate, formed of 
equal parts of shellac, rosin, and Venice turpentine melted 
together, and about ten to fourteen inches in diameter, and 
half an inch thick, on which rests a brass or metal plate^ 
from eight to twelve inches in diameter, having well-rounded 
edges, and a glass handle at the centre about ten inchei 
long, for the purpose of lifting without drawing off the 
electricity ; a wire with a brass knob is usually connected 
with the plate for taking the sparks; a, a, a, represent 
brass rods connected with the lower plate having their topi 
level with the plate of resin, by which is avoided the tnmUe 
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and tedioueness of establishing a communication between 
the instiliited cover and the earth by means of the finger. 

To use the electrophonis> rub the upper surface of the 
resinous plate with a piece of dry fur (cat's skin is reckoned 
the best), and it will be excited negatively. Place the upper 
conductor upon it, and then raise the same by its insulating 
handle ; it will be found to exhibit very faint, if any elec- 
trical si^s. Replace the conductor, and whilst it lies on 
the surface of the excited plate, touch it witli a finger or 
any other uninsulated conductor, and then raise it again by 
its handle. 

It will noTv be positively electrified, and afford a spark j 
if it be then replaced* on the resinous plate, touched, and 
again raised, another spark wDl be procured, and this pro- 
cess may be repeated for a considerable time without any 
perceptible diminutioii of eifeet. Jars may be charged by 
bringing them in contact with the conductor each time it is 
lifted : with an instrument of this kind, only six inches ia 
diaroeter, Cavallo charged a jar several times auccessivelvi 
B&d such was the strength of the eharge that it was capable 
of piercing a card. 

This instrument, properly constructed, has been known 
to retain its electricity so long as three weeks, without requir- 
big frefih excitation. 

Price, $3.00 to $6,00. 
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Inmtlaiid BtooL — (Fig. 'i75.) — This consists of a ma- 
liogany board of well-bakod wood, having^ stout legs, 
cemented in sockets for the purpose, sometimes haTing 
icrews for separating them from the top^ for couTenient 
transportation. To use ; hturbig wiped it clean and diy, 
let & per&oa Btand upon it, holding in hb hand a chdn or 
wire communicating with the prime conductor; on settm| 
the machine in actio n* sparks of fire may be drawn from any 
part of his person, he becomes indeed a part of the conduc- 
tor» and ia strongly electrified ; his hair will stand on end, 
and if he hold in his band a silver spoon, containmg some 
warm spirits of wine, another person may set it on fire by 
touching it quickly with his finger. 

Price, $3,00 ; with legs in brass sockets 

to unscrew, - t4.00 and t4*50- 

Y\g.m, Lef^dm Jar — (Fig. 12'?6)— is so called from 

^\ the circumstance of its properties having beea 

^*|r first observed at Ley den. It consists of a 

^_J^^ glass jar of any convenient size, usually a 

^^^^ quarti having the outside and inside coated 

with tin foil to within two or three inches of 

the top, and a brass wire, the upper part of 

which terminates in a ball of the same meta!, 

and the lower part in a fine chain, or a piece 

of fine wire, that it may touch the inside of the 

jar, passing through a cap of baked wood 

which fits into the month of the jar. If a jflf 

thus constructed he held by the lower part 

with the hand, and the knob be brought into 

contact with the prime conductor while the machine is in 

action, it will become charged ; and if a comnQunication bfl 

then formed between its outside and inside coatings, by the 

other hand being brought to the knob^ that sensation called 
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the electrical shock will be felt, and the jar will thus be 

discharged. Price, pint, $1.00 and $1.26. 

" quart, $1,26. 

" half gallon, $1.'76, 

« gallon, $2.60. 

Discharger,— (Fig. 277.)— ^'«-^'^' 

This is formed of two wires ^ 
with balls at the outer ends, 
and jointed at the lower ends 
where they are received into 
a socket, into which a glass 
handle is fastened. Hold the 
common discharging rod firm- 
ly, and discharge a phial by 
it, he will not receive a shock. 
If the phial be a very large 
one, or if he hold it lightly, 
he will feel perhaps a slight 
tingling of the fingers when 
the shock passes, but this is 
all. If he be furnished with 
the glass-handled discharging rod, or jointed discharging 
rod, as it is called, he may, by setting its knobs at a proper 
distance, discharge even the largest battery without danger. 
li is usual for the sake of convenience to fasten a chain to 
one of the arms of the discharging rod, which communicates 
with the outside of the phial. 

Price, - - - $1.25 to $2.00. 
" with moveable joints, $3.00 and $4.00. 



Pith Ball Electrometer — (Fig. 278, next page) — consists 
g[ a small stand, supporting a glass rod, bent at right angles 
at the top, and having a hole to attach a pith ball, which is 
suspended by a silk string. If an excited glass tube be 
held near the electrometer, the ball will be attracted, and 
after adhering for a short time, it will be repelled to a con- 
siderable distance, nor will it again be attracted until it has 
touched some body connected with the earth, and thus given 
up the electricity which it had acquired from the tube, or 
until, by remaining undisturbed for some time, it has lost it 
by dissipation into the atmosphere. Price, 50 cts. 
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^S7& If two pith balls be siiBpeiidMi I7 

two ulk threads, and excited either bjr 
glass or by resin, on removing the ei* 
citing material, thfl^ 
Fig 279. wiU no longer M 

into the vertical po- 
sition, but repel each 
other in the maimer 
shown in ¥^. 279, 
the balls acquniDg a 
property reJatire to 
each other simflar to 
that which the glass 
and single ball ex- 
hibited after c<»ta«t 
in the preceding ex- 
periment. 

Price, SOcts. 

^8«80- Simple Balance JSleOn- 

meter.— (Fig. 280.)-^Tla 
is an instrument of greit 
delicacy. It consists of a I 
fine beam of metal, t» ' 
pended on a pivot affixei ^ 
to a glass rod in the C6t> & 
tre. It is accurately 1* 
lanced, and has at eaek 
end a pith ball. Thegtai 
rod must be very dry wta 
the instrument is to It 
used ; an excited stick i 
sealing-wax or glass held towards one end will occaakail 
to move round its centre, and thus indicate plainly Hie »| 
citement of the wax, or glass. Price, tl.OO. 

The Quadrant Electrometer. — This instrument ( 
next page) consists of an upright stem of wood, fumisJiedil 
the lower end with a brass ferule and pin, by which i* ■HJJ^'' 
be inserted m the conductor. To the upper part of the rti|* ty 
is affixed a graduated semicircle of box wood, or ivo 
the middle of which is supported on an axis, an index, wUfl&t; 
conusts of a very slender ivory rod, and reaches firaAm. 2 
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; at the centre of the graduated plate, to the f&rvle at the 
aood of the stem ; and to its extremity is fixed a delicate 
pith ball. This index rises as the charge increases, and the 
itrength is determined by the degree indicated on the gradu- 
Sited circle. Price, in box wood, tl<25< 

** in ivory, H.^S and $2.00. 



Tig. 281. 



Fig. 283. 



Fig. 283. 






Bennett's Gold Leaf Electrometer. — ^(Fig. 282, as above.) 
—Consists of a brass foot, which supports a glass tube about 
two and a half inches wide and five long. This has two 
slips of tin foil pasted on the opposite sides, as represented. 
The cylinder is closed at top by a brass cap, which fits 
tight round the sides, but takes off and on, in order that 
if the two slips of gold leaf which hang from the middle of 
the cap in the inside should become broken, they may be 
repaired. The cap should not in any other case be removed. 
The gold leaves are about three inches long, and a quarter 
of an inch wide ; they are best fastened on by a little piece 
of flatted brass, soldered to the inner side of the cap, and 
the leaves attached by gum water, gold size, paste, or any- 
thing similar. They should hang so as to touch each other 
when not in an electrified state, and when divergent, as 
shown in the cut, they should approach to the slips of tin 
foil on the glass. The cap has occasionally a point which 
screws upon it, as shown ; this, however, is never used, except 
m trying experiments upon the electricity of the atmosphere. 

Price, $2.50. 

Saiusure^s Gold Leaf JElectroscopey which is represented in 
Fig. 283» as above, differs from the former in the manner 
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In wbicb the ^Id leaves are insulated. The cap is a flrf 
plate with a wire soldered beneath. The gold leaves are 
soldered at the lower end of the wire, and the whole wire 
is inclosed in a glass tube. The outer surface of this tnbe 
is best covered with sealing-wax, as the insulation of resinon 
substances is much better in damp weather than that of 
glass, which rapidly attracts the moisture of the breath, or 
of the apartment. The diameter of the glass may be four 
inches, the height of it ei^ht inches. The size of the plate 
at top from two to four mches, as most convenient. The 
cap which incloses the top of the glass, and into whidi the 
glass tube is cemented, may be of wood or metal. 

Price, $2.00. 

Volta's Condenser (Fig. 284) shows a pair of these con- 
densing plates attached to a gold leaf electroscope. The 
plate. A, is connected with the cap, and is of course insa- 
lated. The plate, b, is supported upon glass, but is con- 
nected with the ground by the chain ; it turns upon a joint 
at c. It is sometimes connected with another condenser 
when the plate b becomes insulated by taking ofif the chain. 
The two plates have a thin coat of gum lac varnish on their 
innejMsides, to prevent contact, and in consequence entire 
dispersion. To use the instrument, touch the cap or plate, 
A, with the excited body, b being withdrawn, then approach 
B to A, and touch a again ; it may afterwards be made to 
touch a third or fourth time, or more, until the gold leaves 
show signs of divergence. Price, $6.00. 



Fig. 384. 



Fig. 285. 





Bennetts Electrkal DouhUr, — (Fig. 285, as above.)-— Tb» 



xiacmaoAL appaeatub. 285 

instrument is an improvement upon Yolta^ it being more 
susceptible. It consists, as the cut represents, of a simple 
gold leaf electrometer, the top of which is a flat metaUio 
plate, marked a, of a similar plate, b, which has a glass 
handle, and of a third plate, c, also with a glass handle. 
The plates c and b are covered on their under-sides with 
sealing-wax varnish. To use the instrument ; first put the 
plate B upon a, touch the plate b with the finger, and then, 
before the finger is removed, touch the plate a with the 
object to be tested. Take away the object, and also the 
finger ; take up b by its handle ; place c on b, and touch c 
with the finger. By this a portion of the electric fluid is 
dbturbed in c, so that c becomes electrified plus, or minus, 
in the same manner as a. Place b upon a, and touch b 
with the finger, and apply the edge of c to a ; the electricity 
of c will then flow to a. Remove c, take the finger from b, 
and raise b from a. Proceed in the same manner for three 
or four times more, until so much electricity is accumulated 
in A as to occasion the divergence of the gold leaves. 

Price, $5.00. 

Fig. 286. 

Fig. 287. 
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Th£ Universal Discharger, — (Fig. 286, as above.) — ^An in- 
strument that will be found convenient in a great varietv 
of experiments in which the electrical battery is to be usea. 
It consists of a flat board, about fifteen inches long, four 
broad, and one thick, having two glass pillars cemented in 
two holes upon the board, and furnished at top with brass 
caps, each of which has a turning joint, and supports a 
spring tube, through which the wires slide. Each of the 
caps IS composed of three pieces of brass, connected so that 
the wires, besides their sliding through the sockets, have a 
horizontal and vertical motion. Each of the wires is fur- 
nished with an open ring at one end, and at the other it has 
a brass ball, which, by a short spring socket, is sljPP^d upon 
the pointed extremity, and may be removed. There is a 
23 
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drcular piece of wood, haying on its sorface a slip of irorj 
inlaid, and furnished with a foot, which is fastened in die 
middle of the bottom. 

To this discharger belongs the small press (Fig. 287, me- 
Tious page), the stem of wMch fits into the socket, insteaciof 
the circular table. On the top of the stem are two oblong 
boards, which are pressed together by means of two screws. 
Between these boards may be placed any substance which re- 
quires to be pressed while the electric fluid is sent through it 

The construction of this instrument is such as to enable 
the operator to use it with advantage in numerous experi- 
ments, such as the oxidation of metallic leaves between slips 
of card or of glass; splitting small pieces of oak, firing 
gunpowder, <fec. 

By far the most interestiuj^ and brilliant application of the 
powers of the Leyden jar is the melting of metallic wires. 
When a strong charge is passed through a slender iron wire, 
the wire is ignited or dispersed in red-hot globules. The 
power of large batteries was fcnmerly considered essential 
to the production of this effect ; but if the wire be suffi- 
ciently fine, a single jar, exposing a coated surface of about 
190 square inches, will be found sufficient to exemplify the 
experiment. Price, $6.00 and $7.50. 

Fig. 28a Medical Jar.— (Fig. 288.)— This is like an or- 

dinary Leyden jar, covered and lined to a certain 
height with tin-foil, as at b. A wooden cap is 
then prepared for it, and a hole just admitting a 
glass tube, a, is bored in the middle of the cap. 
The tube reaches below to within two inches of 
tlie bottom, and projects upwards above the 
cap, about three inches. This tube is also partly 
lined and covered with tin-foil, so placea that 
rather more than an inch of the glass is left un- 
covered at the lower end, and about two inches 
at the upper end. The tube is cemented to the 
top of the bottle, and a smaller cap cemented on 
the top of the glass tube ; but before this last is 
cemented on, three holes are drilled in it ; one 
for a hook wherewith to suspend the phial from the con- 
ductor, the two others are to be left open ; one of them to 
admit a wire to touch the inner coating of the tube, the 
other a second wire, sufficiently long to reach to the eoatiag 
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ci tbe pliial — ^these are shown in the cut at o and d. A 
wire is also twisted round the outer coating of the inner 
tube, which projects outwards sufficiently to touch the inner 
eoathig of the phial. On the outer coating of the phial is 
fastened a hook, marked f, for the convenience of attaching 
A chain. Price, $2.50. 

^^- 289- Discharging or Medical Elec- 

trometer. — A Leyden jar will 
endeavor to throw off its elec- 
tricity from the inside to the 
outside, the more as it becomes 
charged with greater intensity ; 
and tf the two coatings be placed 
so close to each other that the attraction between the two 
coatings overcome the resistance of the glass, a discharfi^e 
necessarily takes place. On this fact the discharging elec- 
trometer 18 constructed. A is supposed to be a cross sec- 
tion of the prime conductor of an electrical machine. B is 
a brass cap, forming the end of the electrometer. It is made 
with a wire beneath to fit the hole of the conductor. C is a 
bent glass tube. D a brass ball at the end of it. E is a 
wire with a brass ball at each end, which wire is movable 
backwards and forwards. When a shock is to be taken, the 
ball E is placed at a certain distance from the surface of A. 
A is connected with the inside of the Leyden jar, which 
communicates the shock, and the chain is connected with 
the outside of the jar. When the jar is charged to such a 
degree of intensity as to acquire force enough to strike across 
from A to E, the discharge will spontaneously take place. 
The ball at E must be set at a greater or less distance from 
A, according to the strength of shock required. If a shock 
is to be given to a company, when this electrometer is to be 
used, they must form part of the circuit between the outside 
of the bottle and the electrometer. Price, $2.00. 

CuthhertsmCs Balance Mectrometer (Fig. 290, next page) 
is an excellent and elegant regulator of the strength of the 
charge requisite for fusing different lengths of wire, expe- 
rimenting on metallic oxides, &c. It consists of a mahogany 
base, A B, about eighteen inches long, and six inches wide, 
in which are fixed two glass supports, mounted with btasa 
haUs, the one, c, set in the middle of the \>a&e, &\idL\)ck!^ q*Ocl^x> 
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d, about seven inches therefroni ; under or at the side of one 
of the ha\h, d, is a hook \ the other balU i^r has at its side a 
brass rod, c e, wit!i upright arm, cf, ahout four inches long, 
each having balls, cf* at their ends; the rod is about seveo 
inches l&ngt extending in a direction opposite to the insulatad 
ball with a hook ; also contiected by a brass tube about four 
inches long with another ball b, fornied of two hemispherl' 
cal brass cups, the one fitting within the other, and within 
this is balanced a brass rf>d, (/ A, about fourteen inches lon^^ 
with a knife edge centre in the middle* placed a little below 
the centre of gravity, and equally balanced with a hotloff 
brass ball, f/ k^ at each end, the centre or axis resting upon 
a proper shaped piece of brass fixed in the inside of the ball 
each part of the hemisphere being cut out to permit the end 
towards the insulated brass ball to descend, and the other to 
ascend ; to the arm is attached a small slider moving freelj 
o^'^er a hne divided into 60 grains^ the slider to be set at the 
number of grains the experiment requires. 

To use the instrument ; suppose the slider to be set at 15 
graina, it wDl cause the arm, p h, bearing the slide, to rest 
on the balhy; beneath, ivith a pressure eqiuil to that weight; 
as the charge increases in the jar, or battery, the balls be- 
cipme more and more repulsive to each others and when the 
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>rce of tltk repulsion is eufficient to raise 15 grnins, the 
rm, ff, rises, tbe slider moves forward, and the ball, h, at 
le other end of the arm, coming rapidly in contact with the 
all, dj connected by the chain with the jar, discharges the 
[ectricity accumulated. And as the force of the repulsion 
spends upon the intensity of the charge* the weight it has 
I overcome a (Fords a measure of this intensity, and enables 
le experimenter to regulate the amount. A quadrant 
ectrometer, K^ is also usually attached to the top of the 
strument. Price, 88.00 to $10,00, 

Fig, 29 L 




Mkctriml £aitsry, with Jhur JaTS.~(F\g. 291.) — ^When 
reat force is required from the electric fluid, a number of 
us of the above description are placed on a metal coating' 
^Mch forms a communication between their outside coatings 
nd the earth, and the insides of t!ie Jars have conducting 
ires which pass to the prime conductor. In this manner 
oy number of jars may be charged with the same facility 
I a single one, and from the powerful effect of the electric 
uid when it is thus collected, it is called an electric batteijp 
kwitb four jars is represented in the above figure^ 

Price, four gallon jars, $10,00, 
'* half '' $8.00. 

" quart " $6.50, 

23* 







ElB€tri€al Battery, with fiftcm Jars. — (Fig* 292.)— ThU 
represents an electrical battery of fifteen jar^ in the act of 
being charged from the conductor of an electrical machinej 
with Cnthbertson'a balance electrometer, and an 
ment for striking metallic oxides attached. 

Price, fifteen quart jars> i22.BI 
" half gallon *' $30.00, 
" gallon ** $40.00. 

Itiffden Jar with MovahU Coatings. — (Fig. 20 3 , next pag«.) 
— Tlufl consists of a glass jar, with a double set of mov "^ 
ooatiogB, dtlier of whicb may be adapted to it at pie 

the outer coating being a tin caae large enough to ^^ 

the jar easily within it, and the inner coating a similar esse 
eufficiently small to pass readiljr in the inside of the ^^ 
Srhe charging wire ot me VtmRt ^ Lilng should be surroiT 
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glass tube coTcred 

ealifig*waXj to sen'© 
instilaling bundle, by 

r tbe inner coating 

B lifted from tbe jar * 

ihat is charged witb- 

a]miiiucB,tmg a sboek I 

operator Arrange 

with its coatings, and i 

it J it win act in every 

\ as an ordinary coated jar; charge the jar, and 

t discharging^ tt^ remove the inner coating by its insu* 

landle. If this coating, when removed, be examined, 

>e found not at all, or but slightly ekctnfied ; lift tlie 

pfully from within its outer coating, and examine that 
BO will evince no sign of electricity. Fit the jar up 

le other pair of movable coatings, that have not been 

led, and apply the discharging rod ■ an explosion and 
ill ensue, proving that the coatings are only the con- 
materials from one side of the glass to the other* 
t it b the glass it5*^lf on which the fluid is accumu'- 
The annexed cut shows tbe usual form of these jars. 
Price, with one set of coatings, $2.00. 
" ** two « ** 13,00, 



pnsists of a frame of mabo- 
br other wood, about twelve 
pquare, sometimes having a 
I on one side to hold by, 
\ ill a groove a plate of glass 
fed, about ten inches square, 
iddle of which is coated with 
I on both sides of the glass 
bin one or one and a Imlf 
of the edge, one side of 

s connected with the frame 

idle, and the other having 

1^ pasted over tbe tin-foiL 

i, lay a piece of money on 

ture, and holding it by the 

Dr handle, charge the picture by presenting a 

lie conductor to the money. When charged, 




ball 
take 
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hold of the frame by the other hand, at the handle or some 
other part of the frame, and direct another person to hold 
that part which you have just quitted with one hand, and 
to take off the money with the other. His attempt to do 
so will discharge the sheet of ^lass, and he will reeehre a 
shock in the fingers, while he will be quite unaUe to take 
off the money. Price, $1.75. 



Sulphur Gone. — (Fig. 295, as below.) — ^This apparatus is 
formed from a large wine glass. This is cleaned, and a pari 
of the outside, as represented, covered with tin foiL A wire 
is twisted round this covered part, and bent so as cmive- 
niently to hold a pair of pith balls suspended on very fipe 
wires, or on linen threads. Within tne glass, is poured 
melted sulphur, to about the same he^ht, or a little above 
the ed^e of the tm foil, and the end of a glass rod, or else 
of a silk cord, dropped into the sulphur while melted. 
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To use, lift up by the glass handle, the sulphur withiii 
the conical ^lass, and, at the moment of separation, the pith 
balls will diverge, or separate from each other. Let the 
sulphur drop down agam into the glass, and thk actkm U 
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the balls will cease. Again produce separation of contact, 
and they will again diverge ; and thus, for a considerable 
time, the alternate action will be kept up, even indeed for 
days and weeks. Price, t0.l5. 

Electrical Bells. — (Fig. 296, previous page.) — ^The electri- 
cal bells furnish a pleasing illustration of the attraction and 
repulsion of the electric matter. They are variously con- 
structed, but the form exhibited in the figure is one of the 
simplest. The two outer bells are suspended by brass 
chains ; the middle bell and the two clappers by fine silk 
threads. When the bells are attached to the conductor, 
and the machine is turned very slowly, the fluid will pass 
along the chains to the two outer bells, but will not pan 
along the silk to the clappers and middle bell. Thus the 
outer bells being charged with an extra quantity of electri- 
city, will attract the clappers, but the moment they touch 
the bells they become charged, and are repelled with such 
force as to cause them to strike against the middle bell, on 
which they deposit their electricity, and are again attracted. 
By this means a constant ringing is kept up while the 
machine is turned. From the inside of the middle bell a 
brass chain passes to the table, for the purpose of convey- 
ing away the fluid deposited on it by the clappers. 

Price, $2.00. 



Set of two Electrical Bells,— {Fig, 297.)— ^^- ^^ 
This is the simplest form of the experiment, 
one of the bells communicating with the 
prime conductor, and the other with the 
ground ; they are made to ring by the alter- 
nate blows of a small brass ball suspended 
between them. Price, $1.25. 



/t\ 



Chime of five Bells, — ^Fig. 298, next page, /"^ < \ 
represents a more elegant form of mounting ^^ 
the electrical bells. It consists of a swelled -— ^ 
glass pillar, on the top of which is cemented a cap, bearing 
a brass cross; the four outer bells are affixed to the ends 
of this by wires, and the clappers are suspended from the 
middle by silk cords ; the middle bell communicates with 
thA gioiuid by the mahogany foot which supports the 
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<rLole. To use, the cross is connected by a chain with the 
prime conductor, when a pleasing chime will commence. 

Price, $4.00. 

French Arrangement for illustrating the Chiming of BdU 
hy Electric Action, — Fig. 299 represents the apparatus, one 
of the bells being in connexion with the interior coating of a 
Leyden jar, while the other bell communicates wiS the 
outer coating. When the jar is moderately charged, the 
vibration of the little ball, which is suspended between the 
bells by a dry filament of silk, produces the chiming, which 
is more or less rapid as the distance between the bells is in- 
creased or decreased. Price, $4.00. 

Electrical Plates for Dancing Images, — Fig. 300, as above, 
consists of a metallic plate six or eight inches in diame- 
ter, supported on a stand, and another plate of somewhat 
smaller size, suspended to the prime conductor at about 
three or four inches distant. Place on the lower plate any 
little figures cut out of paper or pith. Take care that the 
lower plate is supported upon some conducting substance; 
turn the machine, and the figures will raise themselTes, and 
fly up and down between the two plates, forming a most 
ludicrous dance. 

Support the lower plate upon a glass bottle, or oilier 
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^UiBalator, and although all the rest of the apparatus remain 
"^te before, yet the figures will not dance. The reason is this, 
the upper plate being charged by its connexion with the 
machine, the figures are attracted by it, they becoming charg- 
ed are repelled by the upper, and attracted by the lower 
plate. When they touch this their charge is removed by 
that contact, and conveyed to the earth, while the figures 
jump a^n for a fresh supply, and thus they move alter- 
-aately m>m the one to the other plate. When the lower 
plate, however, is insulated, the extra portion brought to it 
cannot escape, and it becomes charged in the same manner 
as the upper one, therefore the figures have no tendency to 
move between them. 

If in cutting out the figure the head is heavier than the 
feet, it will (Since head downwards ; damping the feet in 
the mouth will usually remedy the defect, but this, at the 
8ame*time, gives them a tendency to adhere to the upper 
plate, while wetting the head makes them dance on the 
lower plate. Femsue figures usually dance more regularly 
because of the weight of the lower part of the dress. In 
all the figures the head should be somewhat pointed, either 
by the a^unct of a steeple-crowned hat, or something similar 
put upon it Price, in copper, $1.25 and $1.50. 

Electrical Plates far JDancinff Fig.aoi. 

Jmages, with adjusting Rod, — A 
more elegant arrangement for 
dancing images (Fig. 301) con- 
sists of a polished mahogany base, 
about 8 inches long and 10 inches 
wide, on which is fastened a me- 
tallic plate, about 8 inches in 
diameter, having a hook connect- 
ed with the plate from the under 
side of the base. A glass pillar, 
attached to a brass base at the 
bottom, and having at the top a 
cap, supporting a curved wire, 
terminatmg in a ball having a 
hole, through which a rod slides 
vertically, one end of which has -^- 
a knob, and the other a metallic plate, m\.\i -w^W xo^asLdft^ \ 
edges, and supported directly over tJne -^AaXft 'm^^ \3»»ft% 




«id may be placed at any distance ther e fr o m, and Castened 
by a screw attached to the ball through which the rod 
paases. Price, $S.50. 



Fif.302. Dancing Pith BaUs.—Q^^^. 302.) 

— The dancing pith ball experiment 
is exhibited as follows. Fasten to 
the conductor of the electrical mft- 
chine, a pcnnted wire. Hold a. dry 
and warm tumbler orer the point and 
turn the machine. After a few tarns 
the tumbler will be charged within- 
side with positive electricity. Place 
I upon the metallic plate (the larger 
plate used for the dancing imaces 
will answer) about a dozen pithbfws, 
and cover them over with the chaiged 
tumbler ; they will now jump up and 
down, each one convejong some of 
the fluid away from &e glass, and 
not towards it. They will continue to 
dance for a long time, and when their 
motion has ceased altogether, it may 
be renewed by a touch of the hand to the outside of the 
tumbler, when a fresh portion of electricity will be set 
free on the interior, and the attraction and repulsion of the 
balls will again take place, and thus for many times success- 
ively the action will be renewed imtil the glass returns to 
its natural state. 

The experiment may be varied thus. Hang to the c<tt- 
ductor a chain, which touches this tumbler ; upon turning 
the machine, although glass intervenes between the exciting 
power and the balls acted upon, yet the balls will fly rapidly 
up and down within the glass tumbler. In this instancSp 
the outer part of the glass is by contact electrified posi- 
tively ; the inner part, therefore, will be, by induction, 
(afterwards to be explained), electrified negatively; and 
the balls are flying up and down to supply the deficiency 
of the glass, each ball coming to deposit its load, and flying 




down again for another. 



Price, pith balls per dozen, (0.25. 



ELECTBtCAL APPARATre, 



«* 



^The 



Hktd of Hmr. — 
(Figs. 305 and 306.}— 
These are usually caned 
figures of wood, having 
long hair on their head. 
They are supported by a 
wire from the prime con- 
ductor. When electri- 
fied, the hair stands on 
end in the most grotesque 
manner r Each fibre is 
in A «tatB of repulsion to 
its neighbor, but present 
the point of a penknife, 
and they will all fall 



Fig, 3fiB. 



Y\g. 304, 



Inderfof Bandng Pith Balls. — (Fig. 303.)^ 
electrical apparatus consists of a glass cylinder 
having metallic ends, one end supported on a small 
stand, the other having a knob, or hook, to connect 
with the prime conductor of an electrical machine ; 
on exciting the machine, the pith balls placed 
within the cylinder will dance up and down* carry- 
ing the electricity from the upper to the lower 
pLate, 
^ Price, tL5Q. 

Diverging Thmids. — (Fig. 304.) — Tie 
twenty fine linen threads together at each 
end* &o that there may be about 8 inches 
distance from knot to knot j hang this by 
a wire loop, fastened to one of the knots, 
to the conductor of the machine. Upon 
charging the conductor, the threads will 
recede from each other, forming a curious 
balloon -shaped body. 

Mxpandmr^ Threads. — Instead of tying 
the threads at both ends, let the lower end 
be loose, and upon turning the machine 
they wUi form a brush. Price, 25 cts. 
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Price 75 cts. and $1.00. 
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Radiaimg Fmthers, — (Fig. 
307.) — ^This 18 a metallie ring, 
supported on a glass pillar, wA. 
at six or eight equally dktant 
points around this ring tie a 
thread, not silk, a few inches 
long, the other end of which 
bears a feather. Connect the 
metal ring with the conductor 
of the machine, bj a wire or 
chain, and the feathers being 
electrified will repel each other 
until they will stand at equal 
distances like the spokes of a 
wheel. Price, $1.50. 

The Ele^itrkd 
Snomg (Fig. 308) is 
another amusing m- 
strument, and acts, 
as will be immedi- 
ately perceived, up- 
on the principle of 
attraction and re- 
pulsion. The insu- 
lated brass ball, a, 
is connected with 
the prime conductor, 
A3 while the opposite 
ball, B, communi- 
cates with the earth. 
The light figure re- 
presented as nttin^ 
on a silken cord b 
first drawn towards 
A, where it receives 
a charge which it 
discharges on b, and thus is kept swinging between the two 
balls. Price, $3.00. 

Electrical See- Saw.— (Fig, 309, next page.) — Consists of 
a mahogany base about one foot lonff, supportidg at its 
centre a brass beam, jafter the manner oi a scale beaoix mads 
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very light, and supporting near its extremities small figures. 
A glass pillar supports a brass ball at one end of the stand, 
and a metal rod another ball at the other end ; these balls 
connected with the Ley den jar, will cause the beam t<5 move 
up and down with a pleasing effect. Price, $3.00. 



Fig. 3ia 



Fig. 309. 






EUctrkaX Pendulum, — (Fig. 310, as above.) — This is a 

C"" ' 3 of fflass about ten inches square, mounted on a wooden 
, ana having a delicate balance suspended on the top of 
the plate, the ends having pith balls attached ; this is made 
so as to vibrate easily, the balls alternately touching the 
sides of the glass plate, which is coated with tin foil to within 
an inch and a half of the edge, which, when charged, will 
cause the pendulum to vibrate, and thus discharge the plate. 

Price, $2.60. 

JSlectruxd Spider and Jar, — (Fig. 311, next page.) — A 
smaQ object in the shape of a spider, formed of cork, or pith, 
having legs of thread, and supported by a silken thread 
between two Leyden jars, or between one jar and a ball con- 
nected with the outside coating of the jar, the spider will 
be attracted from the one to the other, thus dischar^ng the 
jar. Price, $2,16. 

Jar wUh Ball from Outer Coating. — (Fig. 312, next page.) 
— There is attached to the outside coating of the jar, a, ex- 
pooDg about a square foot of coated surface, a curved wire, 
1^ ienninated by a metallic ball, c, rising to the same height 
M tlw kaobtof. the jar, d; chai^ the jar, and suspend 





midway between c and </ by a silken thread, a smaU ball of 
cork or elder pith. The ball wiU immediately be attracted 
by d^ then repelled to r, again attracted, and again repelled^ 
and this will continue for a considerable time : when the 
motion has ceased, apply the discharging rod to the jar, no 
spark or snap will result — proving that the phial has been 
gradually discharged by the pith or coik ball, the motion of 
which from dVoc likewise proving the opposite electriol 
states of the outer and inner coatings. Price, $2.50. 

Fig. 3ia 




Electrical Flyer.— The electrical fly (Fig. 313, as abo?e) 
represents a light brass fly, consisting of fine wires pro- 
ceeding from a common centre, and having their panted 
ends turned back at right angles, and all in the same direc- 
tion. If this fly be poued on its centre on a pcmited wiie 
ioMfted in the prime conductor, and the maohme be pittii 
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a stream of fluid will issue from eacb point, and pro- 
I a locomotion in the fly, propelling it in a direction con- 
rr^cv to that of the pomts : the points will of course appear 
^^VUnous, and if the room be darkened, a beautiful circle of 
^^^^.wiU be distinctly seen, formed by the revolution of the fly. 

Price, $0.60 to $1.00. 



lUvoivinff Horsemen. — (Fig. j 
^14.) — ^This is a very pleasing jRr 
tBzperiment; it consists of a 
swelled ^lass pillar, mounted 
on a mahogany stand, having 
a cap terminating in a point, on 
which is balanced an electrical 
flyer about twelve inches wide, 
as described Fig. 313 ; to each 
of the points is attached small 
figures of horsemen; to the 
cap is attached a hook for con- 
necting with the prime con- 
ductor, which, when excited, 
will cause the horsemen to re- 
volve with great rapidity. 

Price, with 4 horse- ^^ -a 
men, 
" " 6 " $3.00. 



Fig. 314. 




Set of Electrical Flyers 
(Fig. 315), consisting of five 
mounted; one in the centre, 
and four on branches from the 
centre. 

They sometimes are made 
having one large flyer, and 
four small ones, revolving on 
the revolving flyer, causing re- 
rcAntkma within revolution. 
Price, $4.50. 
24* 



Fig. 315. 
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Electrical Orrery. — (Fig. 316.) — ^This apparatus is seen 
above. It represents the sun, earth, and moon. The 
earth and moon are balanced at their centre of gravity, 
upon a pomted wire, bearing at its other end the sun : this 
wire has a point projecting sideways near its furthest extre- 
mity. The moon also bears a side point, thus (every part 
being nicely balanced), the earth and moon revolve round 
each other, and both together round the sun — making one 
of the best possible illustrations of the real motion of these 
heavenly bodies. Price, $2.50. 



*'»«-3i7. The Electrical In- 

clined Plane, — (Fig. 
317 ) — This is a beauti- 
ful experiment, and sa- 
tisfactorily shows that 
the electrical matter is- 
suing from a number 
I of points possesses force 
sufficient to counteraet 
the power of gravity in light bodies. It consists of a board 
of mahogany, fourteen inches long and four inches broad, 
having four glass pillars, three-tenths of an inch in thick- 
ness ; the length of the two longer is seven inches^ and 
that of the two shorter is five inches. 

From the longer to the shorter pillars are stretched two 
fine brass wires, parallel to each other, and tightened by 
screws which pass tbrough the brass balls which Burmovnt 
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ihe pillars. On these wires the axis of the fly rests, the 
raids of which are formed like a small pulley, having a 
groove in them to prevent their slipping off the wires, and 
to guide the fly when in action. It is obvious that if the fly 
be placed on the upper part of the wires, it will roll down 
them by its own gravity; but when it has reached the 
bottom of the plane, if the upper end of the wires be con- 
nected with the machine while in action, the escape of the 
fluids from the points will cause it to roll very rapidly up 
the plane till it reach the top of it. 

These experiments may be varied to a great extent, and 
models of corn-mills, water-pumps, astronomical clocks, etc., 
constructed of cork and pasteboard, are readily put in action 
by directmg against their main wheels a stream of electricity 
from a strong pointed wire inserted into the prime con- 
ductor. Price, $3.00. 



Fig. 318 




The Electrical Sportsman. — (Fig. 318, as above.) — This 
experiment is to illustrate the fact that a jar will be liable to 
discharge itself when the two coatings are too close to each 
other. The inner coating of the Ley den jar is connected 
with two wires, one of which proceeds to the birds — the 
other proceeds to within a short distance of the muzzle of 
the gun. The birds are made of small bits of pith, with a 
portion of feathers to each, to represent wings. They are 
attached to pieces of linen thread, four or five inches long. 
The gim is connected with the outer coating of the wire pro- 
ceeding from it to the figure, and a slip of tin-foil which is 
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pasted along the figure to tlie mmle. Connecting the wirt 
with tlie eleelrii-al machine in action It will of course becoiEkt 
charged, during which time the hirda will elevate themselves 
hf electrical repulsion ; when the bottle is charged to a cer- 
tain eitent, the diBtance between the muzzle of the gau and 
ball near it will not be sufficient to reatmin the passage of 
the fluid, which will therefore pasa between them, occasioa* 
ing at the s^ame time a flash of light, a loud report^ andtliB 
faUing of the birdB. PrieCp with Leyden jar, $3.00* 

'• without " " tL50* 

The Ekctrkal Rope-dam^r. — (Fig. 319.) — ^This eonsists of 
two stout brass rods, having knobs at each end, and about a 
foot long. The upper rod is connected with the conductor by 
a small chain or hook ; the lower one is hung to this, at the 
distance of two or three incheSj hy a silk thread at each end ; 
the lower wire is also connected with the ground by a chain. 
Place on the lower wire a paper or pith figure, and upoi 
putting the machine in action, it will move alternately and 
briskly between them. In tlie cut given below ^ the tflro 
wires appear unconnected with each other, the lower one 
having a stand of its own. This is a better form of the ap- 
paratus, because, when connected together by silk, the figuie 
put to dance is apt to clbg to the silk, which destroys the 
eflfect intended to be produced. Price, 12,00. 



Fig.i9a 
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MUctrital Swan.. — (Fig. 320, as above.) — This is a smiU 
metallic swan, made light and capable of floating on water* 
Let the swaa float ma'bBL^m.Qt ^^.t^r^ which is Eupported 
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tqxm a glass stand ; suffer a cbam to fall from the prime 
conductor to dip into the water ; turn the machme, and hold 
a piece of bread to the swan, it will immediately turn to it» 
aiui approach as if to eat the bread. Price, $0.50. 

Fig. 321. 

Fig. 322. 




Boiling Glass Balls. — (Fig. 321, as above.) — This instru- 
ment for rolling glass balls is an admirable contrivance for 
Ulustratmg electrical attraction and repulsion. Three or 
four glass balls made as light as possible, are supported on 
an insulated glass plate, on the under part of which strips 
of tin-foil are so pasted as to form a broad circle or border 
near the margin, and four radii to that circle ; on the upper 
part of the plate is a flat brass ring supported on small 
glass pillars, so as to have its inner edge immediately over 
Qie exterior edge of the tin foil. The brass ring being in com- 
munication with the prime conductor, and the tin-foil with 
the rubbers of the machine, the ring and foil will be oppo- 
sitely electrified. The glass balls being attracted by the 
ling, become positively electrified in the part which comes 
in contact with it. Thus electrified, they will be attracted 
by the foil, and communicating the charge, return to the 
ring to undergo another change. Different parts undergo 
in succession these changes, and the various evolutions of 
the balls are very striking and curious. Price, $5.00. 

The Electrical Pail. — (Fig. 322, as above.)— This con- 
nsts of a small pail, two or three inches in diameter, with 
a spout near the bottom, in which is a hole just large enough 
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to let tlie water out by drops ; it is to be filled with wator 
and made fiast to the prime conductor ; on turning the ma- 
chine, the water, which before descended from the spout in 
small drops only, will fly from it in a stream, which in Ibe 
dark appears like a stream of fire ; or a sponge saturated 
with water may be suspended from the prime conductor, 
when the same phenomenon will be observed, which is re- 
ferable to the mutual repulsive property of similar electrified 
particles. 

Suspend one pail from a positive conductor, and another 
from a negative conductor, so that the ends of the jets may 
be about three or foiu* inches from each other. The stream 
proceeding from one will be attracted by that which issues 
from the other, and form one stream, which will be limii- 
nous in the dark. 

Hang two pails about four inches apart on the same con- 
ductor, and the streams which issue from them will recede 
from each other. Price, $0.75 and $1.50. 




^»« 32a xhe Phosphortis Cup.- 

Fig. 323 represents two 
hollow brass balls, about 
three quarters of an inch 
in diameter, insulated oa 
separate glass pillars, by 
which they are supp<»rted 
at a distance of about two 
inches from each other; 
the upper part of each ball 
is hollowed into a cup into 
which a small piece of phosphorus is to be put. A small 
candle has its flame situated midway between the balls, one 
of which is connected with the positive, and the other with 
the negative conductor of a powerful machine. When the 
balls are electrified, the flame is agitated, and, inclining 
towards the one which is negative, soon heats it sufficiently 
to set fire to the phosphorus it contains, whilst the positive 
ball remains perfectly cold, and its phosphorus unmelted. 
On reversing the connexions of the balls with the machine, 
the phosphorus in the other ball will now be heated, and 
will inflame. Price, $3.50. 
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Mectriccd WkeeL—iFig. ^^«-^^ 

524.) — ^This arrangement 
8 mounted on a wooden 
\iaae, baying at each end a 
^lass pillar with a ball at 
^e top, supporting pointed 
nrires, which are fastened 
bowards each other, and 
sibout four inches apart, 

in the centre of which a very light vertical wheel, with 
floats on the edge, is supported by a suitable stand. Upon 
connecting the wires with the electrical machine, the one 
with the positive conductor, and the other with the negative 
conductor, and putting it in motion, the wheel will turn 
from the positive to the negative side. Price, $5.00. 

Mectrical Saw ifiZZ.— (Fig. 325.)— F*«- 326 

The electrical saw mill represented in 
the cut, consists of two brass pillars, 
supported on a mahogany base ; from 
near the centre of the glass pillars 
there is supported an axle, with six or 
n^ht glass spokes, each terminated 
vnth a metallic ball ; this revolves 
easily just over a large brass ball at- 
tached to the base. On each of the 
pivots of the axle there is a crank, 
tamed in opposite directions, with rod 
attached to each; these alternately 
draw up and down light frames repre- 
senting saws, which are movable in a 
framework supported on top of the 
glass supports; another large brass 
ball being supported from the framework. 

To use, connect the upper brass ball with the prime con- 
ductor, and the lower ball with the table, or ground ; on 
exciting the conductor, the nearest ball on the wheel will be 
attracted by a large ball connected with the conductor, and 
on being fully charged will be repelled by it, and thus bring 
the next ball near, which in turn will be repelled ; these, in 
coming near the lower ball, will be attracted and discharged ; 
thus a constant carrying of electricity from the upper to the 
bwer ball will take place, and a rotary motion in the wheel 
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be produced, which, by means of the cranks and rods, will 
move the saws up and down. Price, 16.00. 

Fif.a». 




Rotating Bell Glass, — (Fig. 326.) — ^To a 'mah<^ny base is 
supported two uprights, one of metal and the other of glass, 
each having a brass cap and socket, with sliding rod, the 
outer ends of the rods being formed into hooks. Between 
the inner ends of these rods there is supported on a point, 
and metal centre, a bell glass, having pieces of tin foil pasted 
on its sides. A chain, connecting the insulated rod with the 
prime conductor of an electrical machine, will cause the rod, 
and glass covered by one of the strips nearest to the rod, to 
be electrified, and consequently to be repelled ; thus bring- 
ing another portion near the rod, which in like manner is 
charged, and repelled ; and thus each portion will be charged 
in succession ; each of which, in revolving near the rod con- 
nected with the ground, will be discharged, and thus a con- 
tinued rotary motion produced. Price, $4.00. 

Electrical Vane, — (Fig. 327.) — ^This is a light wheel of 
paper or pasteboard, suspended on a stand by a delicate 
pomt, having a support to sustain it in a horizontal plane ; 
on the edge of the wheel are a number of floats, which 
when placed before the end of a point attached to the 
prime conductor, will be put into rapid rotary motion. 

The wheel may be suspended vertically, instead of hori- 
zontally, and a system of wheelwork put in motion by the 
»ame means. Price, $2.00. 
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Fig.33& 




Electrical WindmilL — (Fig. 328, as above.) — This con- 
sists of a house made of wood, havmg up its centre a wire, 
the lower end fitting a hole in the conductor of an electrical 
machine, the upper end supporting a pivot, put crossways, 
so that its end projects through the mill, bearing the sail^ 
which are of paper or pasteboard, a fine wire running 
along the back and end of each, having a point projecting 
beyond the outer edge ; upon turning the machine the mm 
•will revolve rapidly. Price, $5.00. 

Flff.329. Fig.8aOL 





Mectrieal Cross. — (Fig. 329.) — ^This is a cross formed of 
two thin leaves of talc, on which are fastened spangles of 
tin-foil nearly touching each other and having a wire point 
at each end ; the cross supported delicately on a suitable 
snppoii. Price, $2.60^ 
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Spiral and Flyer. — (Fig, 330, preceding pagi 
cinsiBts cFf a gloss tube coated aa a spiral, and hfL^i 
ith a pointed wire projectuigf in which is places 

Pricer 



n%. 391. 
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Hepohmg Glasw Globe. — (F! 
— ^Thife apparatus consists of 
globe deUcately suspesnded di| 
and having a mahogany base 
dde and opposite the eentn 
globe, there is a brass^ ball 
on a glass pil)ar« havitig a hoc 
iaching a chain ; on the oC 
there i» a bmss ball with metallic 
having a point projecting towards i\ 
of the globe. To use, connect the 
ball with the conductor of the electa 
chine by a chain, and the other ball 
floor, or ground ] give the glass globe 
motion with the hand ; the globe, on 
the insulated ball, will on that, side h 
edf and repelled ; but on coming 
point on the opposite side, will be i 
and the fluid drawn off, thus keepi 
continued rotary motion. Price, 

TheAumra Tube. — (Fig. 332.) — 1 
resting and beautiful experiment is 
a glass tube of from twenty to forty i 
length, and from one and a half to V 
half inches in diameter, having bri 
cemented on each end ; the lower en( 
a stop- cock and a bras^ ball within i 
the upper end a pointed wire within 
and a brass ball on the outer end ; ih 
is mounted on a base for a support, 
the tube is exhausted of air by attae 
stop -cock f o an air pump ; present 
to the prime conductor of an electric 
when the fluid will pass in a contini 
beautiful stream, the appcai^ance p 
being exactly that offered by the auri( 
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alia in bigh latitudes. To insure success, the tube should be 
thoroughly dried previous to use, to free it from all damp- 
ness. 

This apparatus is also commonly used for showing the 
guinea and feather experiment in pneumatics, haying a piece 
of metal and feather within the tube. 

Price, three sizes, $4.50 ; $6.00; $10.00. 

Aurwa ^toA:.— (Fig. 333.)— This consists of a ^w- 333. 
glass flask, holding about a quart, coated with tin 
K)il at the end of the globular part, covering about 
one-third of the sphere to the neck. There is ce- 
mented a brass cap, with screw, for attaching to 
ihe air-pump, and having a valve on the end of the 
screw to prevent the return of the air, over which 
& nut is screwed to prevent any leakage. To imi- 
tate the aurora borealis — ^make the flask very hot 
before the fire, hold it by the tin foil, and hold its 
ball to a charged prime conductor. Very long and 
brilliant flashes will pass along the partly exhaust- 
ed flask. The flashes will- continue long after the removal 
of the tube from the machine. Price, $2.50. 




Fig. 334. 




The Luminous Discharger, 
— (Fig. 334.) — ^This consists of 
a bent glass tube, having a 
brass ball at each end, con- 
nected by an iron chain which 
passes through the tube, and 
naving a wooden handle. 

Discharge any Ley den jar 
with this (uscharging rod, and 
it will appear beautifully lu- 
minous. Price, $2.00. 



Spiral Tube, — (Fig. 335, next page.) — ^This consists of 
two glass tubes, placed one within the other. On the 
outside of the inner tube are fastened spangles of tin-foil ; 
the two ends of the tubes are wrapped round with tin-foil, 
and cemented each into a brass cap. To use the spiral 
tube, hold one end m the hand and the other apply to the 
conductor, when a spark will pass along the whole length. 

Price, $2.00 and $2.50. 
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Fiff. 338. 



finr! 



■/ 



p 



^ 



^ 



iSf«/ of Spirals. — (R 
— ^This is an instrumen 
treme beauty. It ccm 
five spirals, enclosed 
tubes, about 14 inchc 
connected by brass 
to a handsome polishe< 
gany stand; on the 
each spiral is a cap t€ 
ing in a brass ball ; 
centre of the stand is i 
ed glass pillar with ac 
terminating in a point< 
on which is mounted 
easily, a wire termini 
balls, so that as it ren 
shall come ver}' near 
of the spiral tubes in 
sion ; to the cap of the 
pillar there is a hook, U 
a wire to the prime con 
if the movable flyer be started it will continu 
volve, communicating a spark to each of the 
and they will be rapidly illuminated. 

Price, $1 




Luminous Word, — (Fig. 337, nexf page.) — The h 
word is formed by pasting strips of tin foil on a j 
glass, having portions cut out as represented in i 
The side of the glass coated is protected from inj 
another glass plate, and both fixed in a frame, h 
handle, or mounted on a stand. A brass knob ai 
connect with the first piece of foil, and a hook anc 
with the last. On presenting the knob to the con 
the chain being connected with the ground, lines of 
presenting the word, occasioned by sparks passing 
same moment through all the spaces, will be seen. 

Price, $ 

Luminous Crescent, — (Fig. 338, next page.) — This 
same instrument in principle, and formed in the sane 
ner, having a frame about fourteen inches square repr< 
iuminous unes m tiie iotia o{ a crescent. Price, 9 
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spotted Jar.— (Fig. 339.)— This is fitted 
^qi like the Ley den pLial, only the tin -foil 
^BOatuig ia gammed on in little square pieees 
tt some distance from each other; so that 
when the bottle is charged in the davk, the 
sparks wUl be seen flying across the spaces^ 
from one square to another. If it be dis- 
charged gently, by bringing a pointed wire 
gradually ta the knob of the jar, the fluid 
will pleasingly il laminate the uncoated parts, 
and make a cmckling noise in pasaing the 
apacea. Price, pint, $2.25, 

** quart, $3.00, 



Fie.339, 




Fig. 340. 



21ie ^gg 5i^«rf.— (Fig. 340.)h— This con* 
ekts of a wooden frame, with a piece of metal 
lei into the bottom ; a chain attached to this 
ia connected with the outside of a Leyden 
jar. There are three wooden slides to hold 
as many eggs, A wire and ball pass through 
the upper pait of the frame, so as to touch 
the top ^gg^ and tbe eggs are to touch each 
other* A shock is passed through the eggs 
by touching the upper ball with a discharg- 
ing rod, which reaches to the inside of tlie 
charged jar, whose outside is united to the 
chain at bottom. The eggs will become \ 
beautifully luminous, and the shock in pass- 
ing will make a sound as if the egg eheUs were broken, as 
indeed they will be if the shock be large. A quart jar is 
quite sufficient for this experiment. The eggs, if eaten im^ 
25* 





medkielf , will have a strong taste of phosphoms ; and will 
TtTT BOOH afterwards become putrid, that is to say, in two 
or Uiree days. When broken, the white and yelk wll bfl 
found completely intormmgled with each other, if sereral 
Bhocks have been passed through the eggs. 

^ Price, lUO. 



FIff. 311. 
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Mmineal Fire HmiM.-^{Fm. S41.) — This is a neatly-maih 
tin boi]Be> having in the front five windows and a door, whid 
are handsomely painted, and the front crossed off to i«prej 
sent hrick or stone. On the one side of the house, attaobel 
to the chimney; there is a glass tube, terminated by a bnisi, 
ball, A, within which ib a wire, proceeding down the tibi 
into the house, where it is terminated by a second ball, Bj 
Through the opposite side of the house is a second gl«si 
tube J wire, and two balls, marked at C and D. The wire d 
this part is capable of sliding backwards and forwards^ thi 
the balls withiuside may be made to approach each otlii 
more or less according to the strength of shock to he passei 
through them. The balls C and D are loosely covered wit! 
tow, and dipped in or sprinkled with powdered yellof 
rosin. When the shock is passed from A to D, the ro^ 
will be inflamed, and the fire appear through the windows* 

Price, $3.50. 



The. Belttd J3n«Ze,— (Fig. 342.)— This is a glass jarcoati^ 
as represented in the figure, having an arm attached to tlw 
bottom supporting a rod of glass, to which a sliding piect 
Is attached, to (^oimg&t the belt with the lower part. Tbiii 
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'^^ttiefit sliows tlie passage of the fluid during the cbarg- 
^f the bottle- The coating both inside and outside is 
►X:^t* on as represented. The belt on the outside is onljr 
f"^ ifi contact with the lower part of the coating by means 
p^^ Xhe sliding piece on the outside. The wire within is at- 
^ ^Ijed to the inidde of the bottom. In charging, the lower , 
b^^^t becomes charged first, and the fluid will be seen to pass, 
^l^^ards inside in flashes, while if the connecting piece he 
^j'^thdrawn, the fluid will be seen to pass downwards on the 
^^"^tside from the belt to the lower part. Price, $3,00, 




The Electrical Cannon, — Fig, 343. 

343.)— This is a brass 

aon, about five inches long 1 

one inch m diameter, 

liomited ou a wooden stock ; 

lie biill at the top huB a 

tire attached to it, which passes down a short tube of ivory 

ato the chamber of the cannon, to within an eighth of an 
inch of the opposite side, and through this space tlie spark 
passes to explode the gas, which may be formed by putting 
a handful of iron nails, or the same quantity of pieces of 
mnc, into a wine bottle ; to these add half a pint of water and 
a wine glass full of sulphuric acid. Have ready prepared 
for the bottle a cork which fits it, and through which the stem 
of a tobacco pipe passes. The mixture will soon throw up 
bubbles of gas ; when it is supposed that these have dis- 
placed the air of the pliial, cork it up, so as to suffer the 
gas to pass out only through the stem of the pipe. Here it 
may be collected in a collapsed bladder fastened to the 
other end of the stem, or, if preferred, the bladder may be 
lied to the top of tke cork itself. The gas will soon fill the 
bladder. When enough for use has been collected, the stem 
may be broken, so as to separate the bladder and the bottle ; 
then holding the cannon with the mouth down, press the 
gas into the cannon, which, by its levity, will partially dis- 
place the atmospheric air, mijdng therewith, and producii^ 
an explosion when the spark is passed through. The mouth 
of the cannon must be well corked to prevent the escape of 
the gas previous to firing. Price, 12.00. 
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(Fig, 344;)— T] 
formed as the |M 
only m the 
mortar. 

Price, 



Fie. 345 






Elettriced Phlol.—{ Flg^ 
The simplest and best foi 
k hydrogen pistol is seen in 
It consiists of a tube c 
about an inch in diameter, and eight inches long, 
on to a buked wooden handk, islmpcd like that of a 
piBtol. Where the trigger is ordinarily placed, ia 
ivory tube, "which fastens into the brass tube, so as 
about half way across it. This piece of ivory is pi 
that a wire may pass through it. The inner pa£i 
wire is at a small distance from the inner part of th 
the tube, and the outer end of it is terminated bj 
ball If then a spark be taken by the barrel, anc 
same time that the £nger touches the ball of the 
spark will pass from the tube to the point of the wll 
and thence 10 the trigger to the hand. 

Price, $2.00 and 



I dry or made up into a pyramidal form with a littls 

I The brass ball, 6, is brought immediately over it : tb 

I c dj being connected with the outer and inner surfiM 

I Ley den jar. The discharge takes place, and the p 

f inflamed. Price, i 



chain. 



^^■3^' Apparatus for J^rri 

powder by tM Ekctrii 
— (Fig. 34tt) — consista 
hogany base, about 
long and four wide, sui 
two insulating glass pil 
the one is attached a b 
terminating in a &ma 
ball, and the other a 
cup for the powder, 
ing a crook for atta( 
The powder ia placed in the wooden cup. 
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^^i^^^^paratus to Fire ^^•^' 

IJBRriirtte of Wine, or 

•OW.— (Fi^. 347.) 

'**'"'-T?his consists of a 

I^^^Hi, having a knob 

^*^ each end, support- 

^^ horizontally on 

S^ insulated stand. 

^^Jliroagh one of the 
l»lls slides a wire, 
Tertically, with a knob 
it one end, beneath 
which is placed a me- 
tallic cup for the spi- 
rits. — ^To use, place it 
so that the ball, a, can receive sparks from the prime con- 
doctor. Pour spirits of wine into the cup, e, till the bottom 
is just covered. Place the cup under the wire, d, then turn 
the machine, and the sparks that are received by a will fly 
from the wire through the cup, and inflame the spirits. 
Warming the spirits will cause it to take fire more readily. 

Price, $2.25. 

Stand for the Fusion of Wire by ^''«' ^^' 

the Mectric Spark.— (Fig. 348.)— 
The fusion of wire is sometimes 
employed as the test of electrical 
power, in which case it should be 
taken that the length of the circuit 
is always the same, and that the 
degrees of ignition are uniform ; 
for a wire may be melted with but 
slight variations of appearance, 
when very different quantities of 
electricity have been transmitted 
through it. The lowest degree of 
perfect ignition ought therefore to be obtained in all compa" 
rative experiments, and its phenomena should be uniform » 
that is, as soon as the discharge is made, the wire should 
become red hot in its whole length, and then fall into drops. 
In order to ensure a perfect uniformity in this respect 
throughout a series of experiments. Professor Hare has in- 
vented the apparatus shown in the cut. This consists of 
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two bent arms, wbieb direrge from a centre, as a ymi 
compasses, and wben adjusted are held tight bj a 9cmt^ 
the centre. A reel of fine pendulum wire is fixed it ott 
end by a screw, and at the other by a small pair of nippea 
The whole is of baked wood, with glass supports. 

Price, 13.00. 

^^ 3«. Ipmiian cf Charcoal Points in CMmu, 

—(Fig. 349.)— This consists of a glaa 
globe, or other Tessel, haiing two necks, 
each haying brass cape, the lower one a 
stop-cock for connecting with the air 
pump, and the npper one a brass rod 
sliding in a stuffing box, on the interior 
I end of which is a pair of forceps for hoM- 
' in^ a charcoal point, another similar point 
bemg fixed to the stop-cock below. To 
use, fill the vessel with chlorine gas, and 
adjust the wires, so that their pcHnts shall 
nearly touch each other. When the 
electric current is made to pass through 
the wires, the charcoal points will be ig- 
nited, becoming;: of a red heat, yet the chlorine will not be 
aifcctcd, however long the action may be pursued. 

Price, 16.00. 

ri». xxK Ty Sphert ami Paint,— (F\g. 350.)— Faraday's 
hollow brass sphere and tubular handle, with 
pointed sliding wire within, for the purpose of 
sliowing the influence of surfaces in electrical dis- 
chiirges. When the sphere is employed a bright 
spark is observable at each discharge, provided the 
. . point of the sliding wire be within the sphere, but 

V^X if it pn^jocts without, the discharge changes its form 
to that of a brush. Price, $1.50. 
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Biof^ Afoi^ahle Hefnispkerts and Ball. — (Fig. 
ar> 1 , next page.) — For showing that electricity re- 
sides on the surface only. When a substance be- 
comes charged with electricity, it is extremely 
prv^biible that the fliud is confined to its surface, 
or. at any rate, that it does not penetrate into the 
mass to anv extent. A ball formed of any material will be 
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equallj electrified whether it be solid or hollow, and if it be 
hollow, the charge which it receives from any source of 
electricii^ will be the same whether the shell of matter of 
which it IS formed be thick or thin. 

Fig. 353. 
Fif.35U 





, To demonstrate practically the distribution of electricity 
on the surface of a conductor, the following apparatus was 
contrived by Biot, A sphere of conducting matter, a, is 
insulated by a silk thread, and two thin hollow covers, b b, 
of brass or copper, are provided with glass handles, c c, and 
correspond with the shape and magnitude of the conductor. 
The sphere, a, is electrified, and the covers are then applied, 
being held by the glass handles. After withdrawing them 
from a, they are found to be charged with the same kind of 
electricity as was communicated to a, which will be found to 
have lost the whole of its charge, proving that it resided on 
the surface only. 

But although electricity may be considered as confined to 
the surfaces of bodies, its intensity is not on every part the 
same. On a sphere, of course the symmetry of the figure 
renders the imiform distribution of electricity upon it inevi- 
table ; but if it be an oblong spheroid, the intensity becomes 
very great at the poles, but feeble at the equator. 

Price, $4.00. 

„ mounted on an insulated stand, $5.00. 

Faraday^s Beat Electrical Conductor. — (See Fig. 352, as 
above.) — Faraday's bent brass electrical conductor, with two 
different sized balls at the extremities, for illustrating that 
between conducting surfaces, the spark, in disruptive dis- 
charges, is modified by the differences of the dimensions of 
the discharging or receiving surfaces. Price, $1.76. 
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Fif. asa Apparattu to show that extending the 

Surface diminishes the Quantity of 
Electricity. — ^This instrument (Fig. 353) 
consists of a series of metallic plates, 
increasing in size from the top, and sus- 
pended from each other by metallic 
threads, the upper one having a handle 
of glass, or a silk cord being attached to 
the upper plate. Let the plates rest on 
I each other, and placing the whole toge- 
ther upon the top of a gold-leaf elec- 
troscope, electrify them so that the gold 
leaves diverge ; then gradually maw 
them up by the silk thread at the top, 
when the diverging will diminish iii 
proportion, and again increase when let down as at first 

Price, $2.00. 

^*if- 3^ Insulated Conductor for showing 

Electricity by Induction, — (Fig, 
364.) — ^This is formed of a cylindei 
of brass or tin, with well rounded 
ends, and supported on a glasi 
stand, and furnished with a pith 
ball electroscope, and let e be an 
excited glass tube. On approach- 
ing this tube within about six inches 
distant from d, the pith balls will 
instantly separate, indicating the 
presence of free electricity. Now, 
in this case the electric, e, has not 
been brought sufficiently near to the conducting body to 
communicate to it a portion of electricity, and the moment 
that it is removed to a considerable distance the balls fall 
together, and appear unelectrified ; on approaching e\jod 
the balls again diverge, and so on. The fact is, this is a 
case of what is termed induction, the positive electricity of 
e decomposes the neutral and latent combination in cf a c, 
attracting the negative towards d, and repelling the positive 
towards e, and the balls consequently diverge, being posi- 
tively electrified. On removing e the force which separated 
the two electricities m d a c \& removed, the separated ele- 
ments re-unite, neutraUty is restored, and the pith balls fall 
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iogeiiier. The electricity of e induces a change in the elec- 
tric state of d c. Price, japanned tin, $2.00. 

" brass, $2.50 to $3.50. 




Set of three Conduct- Fig. 355. 

era for Experiments on ^ 
Inductim, — (Fig. 355.) 
— ^This arrangement con- 
sists of tliree conductors 
mounted on glass pillars, 
with mahogany stands ; 
the conductors are form- 
ed of brass, or japanned tin, with well rounded ends. These 
instruments, when excited either by the proximity of a charg- 
ed conductor, or by an excited glass rod held towards them, 
beyond the conductor, n, draw away the central conductor, 
and also the excited rod ; the central conductor, o, will not 
be charged at all, that marked p will be positive, and that 
at N negative. 

When charged as before, as soon as o is removed, place 
the conductor, n, so as to touch p. The disturbance of 
both will be neutralized by each other, showing that the 
quantity which is plus in one, exactly counterbalances that 
which is deficient in the other. 

Price, $3.00 ; $5.00 ; and $8.00. 



The Double Jar. — (Fig. 356.)— To the knob 
of a large Leyden jar a metallic stage, c, is 
adapted on which is placed a smaller Leyden 
jar. This instrument is used for various ex- 
periments, and shows how necessary it is to 
connect the outside and inside of the same jar 
together, before it will be discharged. Place 
the double bottle on a table not insulated, and 
charge the upper bottle, a, positively, by con- 
necting its ball with the conductor. The out- 
side of A, therefore, and also the inside of b 
will be negative, and the outside of b positive. 
Now connect by the discharging rod the outer 
coating of b with the inner coating of a, and 
no shock will pass between them. Again, 
connect the outside of b with the mside of b. 



Fig. 356. 
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► and a Bliock will pass. Now connect the inside of a wttK j 

) the iDBide of B, and & ^cond shock will be obtained. A | 

ei of bottles may thus be armnged, and a series of ' 

cks obUiined by one charge only. Piice, #3.00. 
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of a second unbsulated 
jara will receive a charge 



Immlated Stand.~(Fig. 357.) 
— Thb b a metallic plate bavtag 
a brass knob« and insulated by a 
glass pillar cemented into a fnfl.- 
hogany bai^e, and Uiieful in many 
experimented Place the jar, a* 
on the insulating stand, b« and 
attempt to charge it from the 
prime conductor, you will fiad 
it impossible; now apply the 
knuckle to the outside coating, 
and continue to turn the Pis< 
chine: for every spark that 
enters the jar, one will pass be- 
tween the outside coating and 
the knuckle, and on applying the 
discharging rod, the jar will be 
found to have received a chaise. 
Instead of the knuckle, the knob 
jar, c, may be applied, and both 
Price, 12.00. 

Fig 3^% 




Serk^ qf Insulatid Jars. — {^^E- ^^^' ^^ above. )^ — ^Thia 

cut represents three or four Ley den jars, each mounted oc 

a base, insulated by a glass pillar, and supported in a hori- 

J zontal manner, by a band encircling the jar, one of them 

r having a hook for the purpose of attaching a chain. 

[ No chEirge of any amount can be given to a Ley den jir, 

if it be insulated * for, in proportion ae the positive electfl" 



XLKOnaOAL APPARATTTfl. 



808 



dfty is communicated to its interior coating, it is necessary 
that the same quantity should be removed from the exterior, 
which would otherwise counteract the negative electricity 
by which the charge is sustained. To effect this, a com- 
munication is established with the earth, or with the interior 
coating of a second jar, the outside coating of which again 
may communicate with the interior of a third, and thus a 
series of insulated jars may be charged from each other, as 
shown in the figure, taking care to withdraw the opposing 
electricity from the last. Price, each, $2.25. 

Leyden Jar with Discharging 
Electrometer, — Fig. 359 repre- 
sents the arrangement for pro- 
ducing . a series of discharges 
from a Leyden jar, for any par- 
ticular purpose, without the in- 
terference of the operator, and 
also the mode of use ; a, repre- 
sents the prime conductor of an 
electrical machine; h, a Leyden 
jar ; on the wire communicating 
with the interior is fixed an arm 
of glass, c, on the end of which* 
is cemented the brass knob d, 
through this knob a wire, / d, 
slides, so that the ball c? may be brought to any required 
distance from the knob of the jar, e. A careful inspection 
of the figure will show how this discharging electrometer 
acts, and how, by increasing or lessening the distance be- 
tween d and e, the strength of the charge may be regulated. 

Price, $2.50 and $3.00. 




Eudiometer. — (Fig. 360.) — ^This instrument is 
used for explodmg ^ases, which being inflamed 
by the electric spark has given rise to various 
instruments called eudiometers, one of the most 
simple of which is shown in the margin. It 
consists of a thick glass tube closed at the upper 
end, and open below, where it dips into a cup or 
basin of mercury. It is graduated along the 
aide, and has two wires through the upper part 
which approach each other. The tube may be 



Fig. 360. 
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supported in any convenient manner. The tube is filled 
with mercuiy or water (according to the kmd of gas 
to be operated upon) ; it is then reversed, and the gas to 
be operated upon suffered to ascend the tube, unfH a cer- 
tain quantity has been introduced. The electric spark or 
shock is then passed from the one wire to the other, when 
the gas is inflamed. The result is seen by the product left. 
Price, $3.00 ; graduated, $4.00 ; stand, $1.00. 

^*«- *^- Ap^ratus for pasfmg on 

JElectrical Spark ikriugk 
Ga8es,-Fass a spark through 
a vessel filled with nitrogen, 
and it becomes intensely 
brilliant, and of a splendid 
blue color, equal to that of 
burning brimstone. The ap- 
paratus, which is convenient, 
for trying experiments of this kind, is as follows (Fig. 361). 
A is a glass receiver, holding about a pint ; it has a wire and 
ball inserted in two opposite sides, B and C. B is capable 
of sliding backwards or forwards, so that it may be made to 
approach or recede from tjje other. The receiver is placed 
in the pneumatic trough, and is filled with the required gas, 
in the ordinary way practised by chemists. For some gases 
a mercury or oil trough must be employed. During the 
experiment one of the balls must be connected by a wire 
with the prime conductor, as at D, and the wire of the other 
held in the hand. 

An instrument is made, answering the same purpose, con- 
sisting of a globe of glass having two necks, one of them 
attached to a cap connected with a stop-cock, and having a 
brass ball entering the neck of the globe. The other neck 
a cap with sliding rod, having brass balls at each end. The 
globe is exhausted of air by the air-pump, and the gas to 
be experimented with introduced. 

Price, $3.00 to $6.00. 

Kinnersley*8 Ekctriccd Air Thermometer, — (Fig. 362.}— 
This is an instrument for showing the expansion of air when 
an electrical shock is passed through the instrument. It 
consists of a glass tube, ten inches long and two inches in 
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diameter, closed air-tight at bbth its ends by Fif.3e2. 
two brass caps ; a small glass tube, open at 
both ends, the lower one bent at a right angle, 
passes through the bottom cap, and enters the 
water contained m the lower portion of the 
large tube. Through the middle of each of the 
brass caps a wire is introduced, terminating in 
a brass knob within the tube, and capable of 
sliding through the caps, so as to be placed at 
any distance from each other. If the two knobs 
be brought into contact, and a Ley den jar 
discharged through the wires, the air within 
the tube undergoes no change in volume ; but 
if the knobs are placed at some distance from 
each other when the jar is discharged, a spark 
passes from one knob to the other ; the consequence is a 
sudden rarefaction of the air in the tube, shown by the wa- 
ter instantaneously rising to the top of the small tube, and 
then suddenly subsiding ; after which it gradully sinks to 
the bottom of the tube, the air slowly recovering its original 
volume. Price, $3.00. 





Cavallo'8 Bain Elec- ^i«- »a 

troscope (Fig. 363), repre- 
sented m the cut. a is a 
strong glass tube, about 
two feet and a half long, 
having a tin funnel cemented to its extremity, which funnel 
defends part of the tube from the rain. The outside surface 
of the tube is wholly covered with sealing wax ; c is a piece 
of cane, round which brass wires are twisted in different 
directions, so as to catch the rain easily, and at the same 
time to make no resistance to the wind. The cane is fixed 
into the tube, and a piece of wire proceeding from it, goes 
through the tube, and is terminated by a ring, upon which 
a pair of pith balls are suspended. This instrument is sus- 
pended by the side of a window frame, with the funnel pro- 
jectmg outwards, while the pith balls are preserved dry 
within. Price, $2.50. 



Cavallo's Bottle Electroscope (Fig. 364, next page) is 
formed by two silver wires, each carrying at one of its 
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ends a little ball Aiade of pith ; the other ends 
of the wires beinff suspended from a cork, wbieh 
is rather long and tapering at both ends, so as to 
fit either way into the mouth of a varnished glass 
tube, serving both as a handle to the instrument 
when in use, and as a case for it when carried in 
the pocket When it is to be employed as aa 
electroscope, the cork is so placed that the wires 
hang out of the tube, and will indicate by their 
divergence any electricity that may be communi- 
cated to them. When not in use, reversing the 
cork closes up the instrument, and renders it moie 
portable. Price, $0.60. 



^^- ^ Coulomb's TorHan J?aZancc.— (Fig. 865.) 

— This delicate contrivance consists of a 
thread of silk, a 6, from which a needle of 
shellac, c, is suspended ; it is attached to 
the screw, d, by which it can be twisted 
round its axis ; the needle carries a ball oC 
pith gilt, which is balanced by a counter- 
poise on the other ; e is a metallic wire 
passing through the glass shade, and ter- 
minated by a metallic ball at each end ; the 
ball of the needle and the interior brass 
ball of the wire are brought into contact 
by turning the screw, d, and the index 
then points to the o on the scale, which is 
marked on the circumference of the glass. 
When the ball, e, is electrified, it acts on the 
^ ball within that is attached to the needle, 
' repelling it to a certain distance, which 
distance, and consequently the degree of 
electrization, is indicated by the graduated scale. 

Price, $12.00. 




The Dry Pile, or EUctrieal Chime. — (Fig. 366, next 
page.) — This instrument consists of a number of alternations 
of two metals, with paper interposed ; the elements may 
be circular discs of thin paper, covered on one side with 
gold or silver leaf, about an inch in diameter, and similar 
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sized pieces of thin tm-foU, so arranged ^*fr ^^ 

that the order of succession shall be 
preserved throughout, viz. zinc, silver, 
paper, zinc, silver, paper, etc. ; about 
one thousand pairs of such discs, in- 
closed in perfectly dry glass tubes, ter- 
minated at each end with brass caps 
and screws, to press the plates tight 
together, will produce an active arrange- 
ment ; the positive end of one column is 
placed lowest, and the negative end of 
the other, their upper extremities being 
connected by a wire, that they may he 
considered as one column. A small bell I 
is situated between each extremity of 
the column and its insulating support ; a brass ball is sus- 
pended by a thin thread of raw silk, so as to hang midway 
between the bells, and at a very small distance &om each 
of them. For this purpose the bells are connected, during 
the adjustment of the pendulum, by a wire, that their at- 
traction may not interfere with it ; and when this wire is 
removed, the motion of the pendulum commences. The 
whole apparatus is placed upon a circular mahogany base, 
in which a groove is turned to receive the lower edge of a 
glass shade, with which the whole is covered. 

Price, 120.00. 

Thunder Bouse.— {¥ig, 367.)— This in- 
genious article is made of an upright piece 
of baked mahogany, formed like the gable 
of a house, as b b, and placed upon a 
wooden stand. A wire marked c, runs 
downwards throughout its whole length. 
It is terminated above by a ball, a, which 
being unscrewed shows a point beneath it. 
In one or two parts of the ^able are square 
pieces of wood cut out. These are a quar- 
ter of an inch thick, and one inch square 
on the side. They are shown at d and f ; 
are made so as to fit loosely into a hole 
cut partly into the gable to receive them, and have a wire 
nmnmg across each, so placed, that putting in the pieces in 
one way, the wires shall with o b form a oontinuouB and 
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Qnmterrapted line ; and when put crosswise, there shaU be 
a want of contiguity at that place, as shown at d. 

Pass a shock from a to s, while the ball remains on and 
the wire is continuous, and it will make a loud report with- 
out disturlnng either piece of wood. 

Pass a shock, or rather endeavor to do so, with the upper 
ball taken off, so that the point is displayed. The fluid will 
pass and discharge the jar, but not in the manner of the 
shock, and no report will be heard. 

Now place either of the pieces of wood crosswise, and 
restore the ball to the top. The shock will pass and tiirow 
out the piece of wood that was placed crosswise, but not 
disturb the other piece. 

Let the piece of wood be placed crosswise, as in the last 
experiment, but remove the ball. Upon discharging the 
Leyden jar, a real shock will pass, and the wood will be 
displaced, although a point terminates the apparatus. 

Price, $1.75 and $2.50. 

Fig. 368. Electrical Ft/ramid.-^'ig. 368.) — ^Thisis 

an apparatus of the same nature as the last, 
and IS to be used in the same manner, a is a 
four-sided pyramidal piece of wood, or more 
usually consists of four pieces fitting on to 
each other. A line runs down the whole in 
front, and is, moreover, continued down the 
base, b; continuity being occasioned by a 
small square, as in the thunder house. This 
is marked d in the cut, and is seen with its 
wire placed sideways. Upon this movable 
square, and upon the back of the base, the 
upper portion is supported by three balls. 
When a shock is sent from e to f, the square 
2) is thrown out, and the upper part of the 
pyramid falls. Price, $2.00 and $3.00. 

Lightning CcmducUyrs, — ^The identity of the electric fluid 
with lightning was one of the first established facts rela- 
tive to atmospheric electricity, and as it was the first in 
time, so it is also in importance to us, teaching not merely 
the origin and properties of that mighty power of nature, 
but also how to escape from its direful effects. The veiy 
appearance of lightEung would induce us to attribute it to 
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electricity, nor is this supposition in any way weakened by 
our experimental researches. If we compare the properties 
of electricity with those of lightning, we shall find them 
closely analogous, or rather identical. To Franklin, whose 
active mind was constantly directed to practical application 
of the facts disclosed by science, we are indebted for the 
suggestion of a method of partially defending buildings from 
the dreaded effects of lightning. His method was, to erect 
by the side of the building to be protected, a continuous 
metallic rod, in perfect communication with the earth ; and 
experience has fully demonstrated the value of this pre- 
caution. 

The conductor should penetrate the ground suflficiently 
deep to be in close contact with a stratum of moist soil, ana 
be carried above the highest point of the building. Great 
care should be taken that every part of the rod be perfectly 
continuous, and that its substance be sufficient to prevent 
any chance of its being melted ; perfect security on this 
head is arrived at by having a rod three quarters of an inch 
thick. It has been proved, that conductors erected with 
these precautions will protect a circular space of a radius 
double the height above the highest point of the building to 
which they are attached. 

The little arrangement 
(Fig. 369) amusingly illus- 
trate^ the use .of a continu- 
ous conductor. A board, 
about tliree quarters of an 
inch thick, and shaped like 
\he gable end of a house, is 
fixed perpendicularly upon 
Another board, upon which 
a glass pillar also is fixed in 
a hole about eight inches dis- 
tant from the gable-shaped 
board. A small hole, about A 
a quarter of an inch deep, ^ 
and nearly an inch wide, is 
cut in the gable-shaped board, and this is filled with a square 
piece of wood of nearly the same dimensions. It should be 
nearly of the same dimensions, because it must go so easily 
into the hole, that it may drop off by the least shaking of 
the instrument. A brass wire is fastened diagonally to this 



Fig. 369 
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equare piece of wood, and another of the same dimeiiaoii8« 
terminated by a brass ball, is fastened on the gable-shaped 
board, both above and below the hole. From the upper 
extremity of the glass pillar a crooked wire proceeds, termi- 
nated also by a brass ball, and sufficiently long to reach 
immediately over the ball or the wire of the board. The 
glass pillar -is loosely fixed in the bottom board, so that it 
may move easily round the axis. It is evident that, with 
this arrangement, a shock from a Leyden jar may easily be 
sent over the square hole by connecting the exterior coating 
with the wire in the gable-shaped board below it, and the 
interior with the wire on the glass pillar which comes within 
the striking distance of the wire in the gable-shaped board 
below it. 

Suppose now the square piece of wood to be placed in the 
hole in such a manner that the wire attached to it diagonally 
shall be in contact with the wires above and below it, a shock 
may evidently be transmitted without any disturbance takii^ 
place ; but if it be put into the hole in an apposite directicm, 
so that the shock from the jar shall be obliged to pass over 
it alU^ether in the form of a spark in its passage from wire 
to wire, the concussion it will occasion will throw the square 
piece of wood to a considerable distance from the apparatus. 
The square piece of wood may here be supposed to repre- 
sent a window, and the wire a continuous or broken con- 
ductor passing by the side of it, and the violent effects pro- 
duced by the minute quantity of electricity accumulafed in 
a Leyden jar may be considered as an humble imitation of the 
effects of a stroke of lightning. When the passage is unin- 
terrupted, the electricity passes quietly down, but when im- 
peded it produces the most violent effects. 

Price, $4.00. 

Platina Point for a Lightning Comdttctor, — ^The light- 
nmg conductor is an apparatus to preserve ships and build- 
ings from the effects of lightning. It consists of a pointed 
rod of iron or copper, half or three-quarters of an inch in 
diameter, pointed at top, and projecting two, three, or more 
feet above the chimney, or other highest part of the build- 
ing, the lower end being inserted four or five feet in the 
ground. Its action is as follows: — Should lightning ap- 
proach the building, it would most likely be drawn away 
silently by the pointed wire; or, if it should strike the 
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building, the conductor would convey it to the earth ^^^'•' 
without its doing any injury* 

The most usual way that lightning rods tenninate 
is by merely pointing the rods, sometimes gilding 
them ; the action of the weather on these in a short 
time destroys the point, and the utility of the rod is 
in part, or wholly destroyed. To remedy this defect, 
a copper cone about six inches long, terminated in a 
platina point (Fig, 370), about one inch in length, is 
fastened to the top of the rod ; this metal will undergo 
no change by the action of air and water, and will not 
even tarnish, however long exposed to the action of 
the weather, and is always used where rods are put 
up in the best manner. 

Price, each, $4.00 ; small, $3.00. 

Pcmd&r House. — An rig. an. 

electrical apparatus, to 
show, in an amusing man- 
ner, the firing of gunpow- 
der by electricity, and 
thereby proving the eflFect 
of lightning upon buildings 
in setting them on fire. 

Fig. 371 represents a 
perspective view, the side 
next the eye being omitted ^y^C^^^^^^^^^s 
be *--^:^L;:z=rc:==s=^^,^^ 



that the inside may 
more conveniently seen. 

The front is fitted up like the thunder house and used in 
the same manner. The house itself is made of seven pieces 
of mahogany, joined together by hinges, so as to be capable 
of falling flat on the table ; a small projecting ridge along 
the top of the roof holding it up imtil the powder is fired. 
A is a ball of brass with wire reaching partly down the 
house, and across it, inside to the brass top of the table c. 
This has the gunpowder placed upon it. Immediately 
above the powder is a second ball, which leads by a wire to 
the outside of the house at the opposite end, passing 
through the wood at the end of the house. Then follows 
the wetted thread, e, and afterwards the chain, b. Passing 
an electrical shock from a to b, the powder will be fired 
and the house thrown down. 
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To insure success in this experiment, it is necessary to 

Sass the charge from the jar, through a few inches of water, 
isconnecting the metallic wire or chain, dipping it in the 
water, or pass it through a few inches of wet linen thread 
connected with the wires or chun through which the dis- 
charge passes. Price, $6.00. 

Cylinder Electrical Machine, with detached Conductor, — 
(Figure 372.) — A is a glass cylinder, having at each end of 
it a cap of wood or hrass, and supported by a stand, with 
two uprights. The end of one cap is turned with a pivot, 
which fits into a hole near the top of one of the uprights. 
The other cap is turned with a similar pivot, and has beyond 
this a flange and a square gudgeon upon which a handle 
fits. This end of the cylinder is supported in a similar man- 
ner to the other end, but instead of a hole merely being 
bored in the upright leg, a portion is cut away, that the 
cylinder may be the more easily taken out, and put up again 
in its place ; it may be secured, when there, by a pin run 
through the upright just above the axis of the- cap. Be- 
hind the cylinder is a cushion^ which extends in length to 
within an inch of either end of the cylinder ; it is from one 
to two inches in width, according to the size of the cylinder. 
On the lower part of the cushion is glued a flap of leather, 
the rough side outwards ; and on the edge of the leather 
the silk flap which passes over the cylinder when in action. 
The cushion is supported sometimes by a thick rod of glass 
with a wooden spring at the top of it, as in the fmire ; at 
other times a springy piece of wood alone is used. It is 
fastened at the top to the cushion by a hand-screw, which 
passes through the support, and is fixed by a thread in the 
back of the cushion itself. The lower end of the support for 
the cushion is made so as to slide backwards and forwards, 
either on the top, or, still better, underneath the stand, and 
is held in its position by a thumb-screw. 

B represents the prime conductor, formed either of wood 
covered neatly with tin foil, or of metal. It has round and 
smooth ends, at one of them a ball and wire for the suspend- 
ing of various apparatus, at the other a projecting wire fur- 
nished with a row of points to collect the fluid when disturbed 
by the cylinder. It is necessarily supported upon a glass 
pillar, sometimes attached at the lower end to the same 
stand as the rest of the machine, in which case the conductor 



nms pamllel to the cylinder, and lias the points in the eld© 
nstead of the end. At other tifnes it is fixed to a separata 
loot, as is to be seen in the figure below* 




« 



To Work the Machine. — ^Warm the whole well before the 
ire, and eleanse it from all damp and dust. Take off the 
cushion, scrape away all dirt, spread evenly upon It some 
Jresh amalgam, put it back in its proper pi ace ^ lind fasten 
o the screw which connects it with its upnght a brass 
shsin* the other end of which reaches to the table or floor, 
>r the w^alls of the apartment Upon now turning the 
landlc, streams of fluid Tiill be seen to issue from the cushion, 
27 
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and jMUsiBg mder the alk. to flj off at its edges. To coDecl 
the fluid, place the conductor with its points about a quaitor 
of an inch from the edge of the silk, which will so readilj 
attract the fluid from the cjfinder, that ^Murks proportionate 
to the extent of the ^aas soriaee rubbed may be taken from 
k ; being tctj carefol, howerer, that the glass stand of the 
conductor be perfectlj dry. The pressure of Uie cushioo 
against the cyhnder is to be r^ulated by the screw on the 
stand at bottom. 

If the ynaMiinm be small, it wifi regoire wanuing; the 
power of a machine is genasDy increased by mbbing tlie 
cylinder for a minute or tw» with a slightly greaaed lag, or 
l]y putting one hand upon the cushion. 

The rationale of the action going on, is this: — Tbit And 
passes from the earth through means of the floor, walk, k^ 
to the chain suspended from the cushion ; here fnctioii, wludi 
is the cause of the disturbance, takes place. The disturbed 
fluid passes to the glass cylinder, and is confined frooi escape 
by the silk flap ; that ceasing, the fluid would fly to anj- 
thine around, particularly to a pointed body, or a lighted 
candle ; but this is prevented by the superior attraction for 
it from the nearer end of the prime conductor put to receive 
it. Thus it will be at once seen that an electrical machine 
resembles a pump ; the earth may be likened to a well of 
water ; the cham to the lower pipe of a pump ; the cnshioD 
is the sucker ; the silk the noz^ ; and the prime oondnctor 
is like a pail to hold the fluid. Price, 5-inch, $10.00. 

'' e-inch, $12.00. 
'' 8-inch, $16.00. 
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MEDICAL ELECTRICITY. 



It is true, that like every other simple medicine which 
has proved beneficial to mankind, electricity met with much 
opposition from the interested views of some and the igno- 
rance of others, has been treated with contempt, and injured 
by misplaced- caution. We shall recommend to those who 
thus oppose it, not to condemn a subject of which they are 
ignorant, but to hear the cause before they pass sentence ; 
to take some pains to understand the nature of electricity ; 
to learn to make the electrical machine act well, and then 
apply it for a few weeks to some of those disorders in which 
it has been administered with the greatest success; and 
there is no doubt but they would soon be convinced, that it 
deserves a distinguished rank in medicine, which is the off- 
spring of philosophy. 

The science of medicine and its practitioners have been 
reproached with the instability and fluctuations of practice ; 
and on this ground it has been predicted, that, however great 
the benefits which may be deiived from electricity, it would 
still only last for the day, and then be consigned to oblivion 
We' must confess that we cannot be of this opinion, noi 
easily led to think a set of men, whose judgment has been 
matured by learning and experience, will ever neglect an 
agent which probably forms a most important part of our 
constitution. Electricity is an active principle, which is 
neither generated nor destroyed ; which is everywhere, and 
always present, though latent and unobserved ; and is in 
motion night and day to maintain an equilibrium that is 
constantly varying. 

As the science of medicine knows of no specific, so w« 
are not to suppose that electricity will triumph over every 
disorder to which it is applied. Its success will be more oi 
less extensive, according to the disposition of the subject, 
and the talents of those who direct it ; it cannot, therefore, 
appear surprising, that many disorders have been refractory 
to its powers, and others have only yielded in a small 
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degree, or that the progress of the cure has often been 
stopped hy the impatience or prejudice of the diseased; 
but at the same time, it must be acknowledged, that even 
in its infancy, when it had to combat against iear, prejudice, 
and interest, its success was truly great ; we have surely 
then the highest reason to expect a considerable increase d 
success, now that it is cultivated and promoted by profes- 
sional men of the first merit. 

Electricity should always be administered gently at firsk 
and its power only increased when the gentle applicatioii 
is found ineffectual, except in cases of paralysis, or wheo 
used to remove obstructions, its full power may be at once' 
administered ; but even here the shock of a quart Leyd^ 
jar will be sufficient ; the frequency of the "shocks," and not 
the strength of them being most to be relied upon. Also, 
we would remark, that no danger can arise from the admi- 
nistration of electricity ; and let it not be thought that the 
remedy is worse than the disease, as those who subject 
themselves to the powerful shocks given by the electrical 
apparatus of our various institutions are apt to believe. On 
'the contrary, it may be administered to sleeping children 
without waking them ; and even when awake, its application 
may be made a source of gratification rather than of appre- 
hension. To administer electricity properly requires con- 
siderable skill and tact in the operator, and as this is seldom 
found so surely as among medical men, and as they neither 
like the trouble of operating, nor are taught anything of the 
curative efl'ects of the fluid during their medical studies, 
they who are best able to administer it with effect are re- 
gardless of it altogether. 

Electricity, according to the mode of its administration, is 
either sedative, stimulant, or deobstruent ; hence the pro- 
priety of its application to diseases of quite contrary cha- 
racter. We have applied it to palsies, rheumatisms, inflam- 
mations, contractions of the muscles, amaurosis, chilblains, 
tumors, sprains, and other diseases and accidents. The 
methods of electrifying are five ; first, simple electrization, 
or merely subjecting the person to the action of electricity, 
by placing him on a glass-legged stool, and connecting him 
with the electrical machine when in use, as represented in 
the cut. Second, drawing the fluid from the particular part 
of his body which may be affected ; this is either done hold- 
ing towards him a wooden point, when a cooling and refresh- 
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tag breaze b perceptible, or by placing your hand upon kia 
clothiii^i when if any woollen or silk interpose between your 
Imnd aad his body he will feel a peotdiar prickmg sensation, 
oc<iasioned by innumerable sparks issuing from tbe part 
beiieath the hand, and which will soon occasion a graat 
degree of warmth iu that part. Or a third method is to 
draw the fluid from him by means of sparkis^ taken by th© 
knuckle, or else by a wire with a raetallic ball at the end 
of it. If tbe operator hold this tight he will not feel the 
^aj-ks himself, A stronger way o? drawmg off electricity 
IB by means of what are called vibrations, and a still stronger, 
sparks. For these two last tbe patient either stands, or sita 
on an ordinary chair, and not on tbe glass stool before 
mmilioued. 

The following apparatus is all that is essentially necessaryv 
though many other articles have been described and recom- 
mended. The first essential is a ^lass-legged stool (Fig, 
373) ; if required for cheapness it may be a piece of board, 
made smooth, and with round edges, supported upon four 
wine bottles, pegs being driven into the under*side of the 
board to fit the necks of tbe bottles i solid glass are, however, 
infinitely better. In using the Btool, a large sheet jof brown 
paper or pasteboard^ or, still better, a piece of oil-cloth, 
Wger than the stool itself, is to be placed beneath it on the 
floor, to prevent the H laments of the carpet, or the dust of 
the iioor, from drawing away any of the fluid accumulated. 

l-'iff 373. 




The next requisite is a flexible tube, or conneGfcor, as a 
chain ; the stool should be connected to the machine by a 
chain which is sewed up in silk, and afterwards varnished or 
covered with India rubber ; thus there will be no loss of 
fliud. But for numerous piu-pofies the instnimeo^t oaUed a 
fleiible tube is much betterHp 
27* 
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A wooden or me-* 

tal point is sometimes 

used ; by this a gen- 

"uijiV ^® stream of electri- 

-^— ^ pJ i^-')^ v5^ city, called the elec- 

— ^3j^ M' L ^ ^"^^ trical aura, or breeze, 

l\ \^ jy^ ^ given to or taken 
I \ ^^"^^^ X^ from a patient, ac- 

cording as the point 
is held in the hand 
of the operator, the 
patient being on the 
electrical stool, or at- 
tached to the glass- 
handled flexible tube, the patient being on the ground, or 
rather not insulated. These simple instruments, with the 
exception of a brass ball at the end of it, are all that 
are necessary for the administration of the electric fluid, 
except when shocks are to be given. In this case a Leyden 
jar is indispensable. Any Leyden jar may be used, hut 
the one shown and described beneath, is most convenient 
for medical purposes. 

Medical Jar. — (Fig. 374.) — ^The medical jar here repre- 
sented, A c, is a bottle of about a quart in capacity, re- 
presented in the cut as hanging from the projecting knob of 
the prime conductor of a machine, and having other appa- 
ratus attached to it. It is Uke an ordinary Leyden jar, 
covered and lined to a certidn height with tin- foil. A 
wooden cap is fitted to it with a hole just admittmg a glass 
tube. The tube reaches below to within two inches of the 
bottom, and projects upwards above the cap about three 
inches. If is also lined and covered with tin-foil, so placed 
that rather more than an inch of the glass is left uncovered 
at the lower end, and about two inches at the upper end. 
The tube is cemented to the top of the bottle, and a smaller 
cap cemented on the top of the glass tube ; but before this 
last is cemented on, three holes are drilled in it ; one for a 
hook wherewith to suspend the phial from the conductor, 
the two others are to be left open ; one of them to admit a 
wire to touch the inner coating of the tube, the other a 
second wire, sufficiently long to reach to the coating of the 
phial— these are 8ho¥m in the cut at a and b. A wire is 
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a!lso twisted round the outer coating of the inner tube, which 
projects outwards sufficiently to touch the inner coating of 
the phiaL On the outer coating of the phial is fastened a 
hook^ marked c, for the oonvejiience of attaching a chain, 
B F G H (Fig-. 3H) is a medical electrometer; its iisc is to 
regulate the strength of the shock, for tliis depends upon the 
intensity with which the phi^d is charged, no less than the 
sh^ of the phi^d iti^elL u, h a socket, and a wire Mtached 
to it laterally. Into this socket is cemented a btnt glaaa 
tube, G ; at the opposite end of tlib is a second socket of 
metal, also camentjed to tlie glass* A hole is made through 
this Bockv't to admit the wire, which holds the bra^s balls s 
aitd su Tlus wire is capable ^f sliding backwards and for- 
wards, paraUel with the horiiM>iital part of the glass tube. 
D, is supposed to be the prime eonduf^tor. When in use, to 
the outer ball, f, of the eiet:trometer, and also to the book, 
c, of tb« bottle, are attached chains, leading to a pair of glass- 
handled directors ; the upper part of wliich is seen in Fig, 
374, and a pair of directors complete ia the Fig, S75. 
We will m>w show the use <>f ^s apparatus. The direct- 
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ore are for two purposes ; firet, that by means of their balli 
they shall be able to direct the fluid, or shock, to any par- 
ticular part ooly, and confine it thereto^ as in the following 
cut (Tig. 376) ; the shock may be given firom the knee to 
the loot without its affecting the rest of the body. 

Fig. 376. Fiff. 3m. 





The use of the glass handles is to prevent the operator 
from participating in the -shock he intends for his patient. 
The operator, of course, holds the glass handles, while the 
balls are made to touch the extreme p(»nts of that line 
through which the shock is to pass. One director is usually 
straight, and the other bent. We will now suppose that 
the ball, e, of the electrometer has been placed so as to 
touch the conductor, the whole apparatus being dry, and in 
good working order ; and indeed that the whole is as repre- 
sented in the cut ; the knobs of the directors touching, and 
the wires, a and b, bemg in their place. Turn the machine 
and the bottle will not charge, because the outside is m close 
contact with the inside, there being no interruption in the 
circuit anywhere. Now remove the ball, k, a short space 
from D ; upon turning the machine a seccmd time, the bottle 
wfll become charged, because its inside is not connected by 
conducting substances with its outside. A vacancy occurs 
between d and k, and exactly in proportion to the size of 
that vacancy will be the strength of the shock which passes 
through the chains, or the balls of the directors ; and as 
those balls are applied to different parts of the body, so of 
course will be the strength of the shock which will be felt. 
The above supposes that both wires are in the bottle ; now 
if we draw out the longer wire; the only one left will be that 
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hich touches the inner coating of the tube, and this tube 
being so small, the. shocks whit;h will pass will be less 
energetic than those ^iven by the larger bottle, and will 
altogether Imve a different character. They are, indeed, 
intermediate in effect, between sparks and shocks j and are 

Ued vibrations, 

Fiff. 377- 




Fig. ^11, as above, shows the usaial method of adminis- 
terittg a shock throvigh a nuntber of persons at once, sup- 
posing we have not the apparatus above described, and that 
we desire only amusement. The phiai on tlie table is 
charged ; a chain connects its ouLside to the first person, he 
by joining hands to the second, and so on to the end ; the 
last person touching the knob of the phial with a wire and 
ball. If the persons shocked turn their backs to the phial > 
shock will reach them more unexpectedly 
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H^drO'Mleclriail Machine, — -The production of electncity 
by the passage of steam through a small jet, was unknown 
till IS 40* Professor Faraday concludes that it is the effect 
of the friction of globules of water against the aides of the 
openings urged forward by the rapid passage of the isteam ; 
the eflect of this is to render the steam or water positive, 
and the pipes from which it issues negative. 

In the following cut {Fig. 378, next page), a^ a, a, a, a, a, 
are six green glass supports, three feet long ; b is a cyUndri* 
cal tubular boiler of rolled iron* plate , | inch tliiok ; its eitreme 




six aotl a hulf feet; ib 
diameter tbree und a 
half feet> The furDiitM^j 
D, and ash-liole, c, are 
contained within Lbe 
boiler ; and are fiirojsh- 
ed with a metal soreeii 
to be applied for tbe 
purpose of excluding 
the hgbt diihtig the pro- 
gress Qf one class of 
eyperiments; r is the 
vr^ier gauge ; e, the 
feed -valve; j j, are two tubes leading from the valves » kk, 
to the two tubes, ii ; a and t* are forty -six bent iron tubes, 
termmuting in jets, either half or ihe whole of which may 
be opened by mean:* of the lever, o u ; u is a v;i|ve for 
liberating steam during the existence of the majcimum pres- 
sure ; M« is the safety valve ; k^ is a cap covering a jet, that 
18 employed for iUustratinj[T a certain mecbanica! action of a 
jet of sjte^tin ; o, is the lirst portion ui the funnel ; p, the 
second portion, which slides into itself by a telescope joint, 
fio that the boiler may be insula led when the experimeats 
commence* The boiler is cased in wood. 



*-^s^^^- The next figure {S79), 

which may be ealled the 
prime conductor, but which 
is not used for the purpose, 
is a zinc case, furnished with 
^ four rows of points. It is 
placed ill front of the jetij 
in order to collect the elec- 
tricity from the ejected va- 
por; and thus preveat its 
returning to restore the cquiUbrium of the boiler. The 
maximum pressure at the commencement of the experiniciitfi 
is 8Q lbs. ; which gradually gets reduced to 40, or lower. 




BLSOTBICAL APPARJLTOS. 320 

The pcntioQ <jf the apparatus, TThich is pecufiaHy connected 
with the generation of the electricity, is a series of bent tubes 
with their attached jets. Each jet consists of a brass socket, 
containing « cjUndncal piece of partridge wood, with a cir- 
cular hole or passage thiough it, | of an inch tn diameter, 
into which the steam is admitted through an aperture. The 
peculiar shape of this aperture appears to derive its efficacy 
from the tendency it gives the steam to spread out in the 
form of n cup, on entering the wooden pipe, and by that 
Bieans to bring it and the particles of water, <^ which it is 
the carrier, into very forcible collision with the rubbing sur- 
face of the wood. * 

The electricity produced by this engine Is Qot so remarka- 
ble for its higli intensity, as for its enormous quantity. In 
no case, antecedent to this, has the electncity of tension t^en 
«o rapid a stride towards assimilating with galvanic electri- 
city. Mn Faraday^'s experiments on the identity of the 
electricities had «hown how small was the quantity obtained 
from the best machines ; and had given good reason to 
expect that chemical effects would be exalted when the 
quantity could be increased. And such is the case here; a 
very remarkable experiment in illustration of this is, that 
not only is gunpowdfer ignited by the passage of the spark, 
but even paper and wood shavings will be inflamed when 
placed in the course of the spark passing between two points 
— such an effect was never before produced with common 
electricity. In like manner, chemical decompositions are 
effected much more readily by means of the hydro-electric» 
than by that from the common machine. 
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Simple Oalvanic Series. — This series, sometimes called 
Counmne Be Tasse, is a simple galvanic battery, and con- 
sists of a number of glasses, jelly pots, or similar vessels, in 
each of which are placed two pieces of metals, of dissimilar 
electric properties ; for example, zinc and copper ; the zinc 
of one vessel being connected with the copper of the other. 
The outer cups, or vessels, having a wire only to its extreme 
plate of metal ; the wire, therefore, of one extremity being 
joined to the wire of the other extremity, completes the elec- 
tric circuit, and causes the fluid to circulate around the whole 
series. Price, in porcelain jars, 25 cts. each series. 



Fig. 381. 
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Faraday's Apparatus for shounng the Phenomena 
of an Electric Current independent of the Contact of 
dissimilar Metals. — (Fig. 381.) — It consists of a 
glass or porcelain trough for the dilute acid, a bent 
clean zinc plate, and a platinum plate furnished with 
a curved wire. If a small piece of filtering paper, 
moistened with iodide of potassium, be placed on 
the zinc, and the end of the wire be pressed against 
it when the plates are immersed in the trough, the 
iodine is thrown down on the filterii^ paper by 
voltaic action. Price, $2. 
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Zinc and Copper Plates, mth Glass 
Bandies. — (Fig. 382.) — ^Pair of cir- 
cular zinc and copper plates, with 
fflass insulating handles, for showing, 
by the aid of a very delicate condens- 
ii^ electroscope, electricity developed 
by two dissimilar metals that have 
been in contact and are separated. 
Price, $2.00. 
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Fig. 383. 
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CruiksJvanh's Trough Fiff- 383. 

Battery (Figs. 383 and 
384) consists of plates 
of zinc and copper, unit- 
ed by their flat surfaces 
by soldering, and ce- 
mented into grooves in 
the sides of a trough of 
baked wood, so as to leave sufficient intervals to hold small 
quantities of fluid, usually about half, an inch wide ; they 
must of course be arranged so that all the zinc surfaces shall 
be on one side, and all the copper surfaces on the other. 
rhe battery is charged by filling the cells with a saline solu- 
tion, or with dilute acid, and the galvanic circuit completed 
by bringing the two wires proceeding from the ends of the 
battery in contact with one another. One of the figures 
represents a trough having three rows of plates connected 
x>gether by wires. Troughs of this construction are ex- 
Fig. 384. 



s^i- 



seedingly liable to get out of order, from the action of the 
iquid on the wood, which it tends to warp. The plates 
'equire to be fixed into the grooves by cement, in order to 
fender them water tight ; but this cement is apt to crack 
!rom the warping of the wood and other causes, and the 
28 
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fiquid uuinuating itself into the fissures impairs the pow«r 
of the instniinent by destro3dng the insulatioii of the cells. 
They are superseded by ipore modem instruments. 

Price of a set of 20 plates, $12.00. 



rig 385. JT^ Ofdvank Bat- 

■^ tery-'Oldform. — (Fig. 
386.) — ^This instru- 
ment consists of a 
trough, which has 
usually been made 
of earthenware, with 
partitions of the same 
material, but may be 
made of baked maho- 
gany with partitions 
of glass ; each trough 
usually has eight or 
twelve cells. The 
zinc and copper plates 
are connected together in pairs, by a slip of metal passmg 
from the one and soldered to the other ; each pair being so 
placed as to inclose a partition between them, and each cell 
containing a plate of zmc, connected with the copper plate 
of the succeeding cell, and a copper plate joined with the 
zmc plate in the preceding celL The plates are connected 
together by a bar of baked wood, so as to allow of their 
being let down into the cells, or lifted out together. This 
battery was formerly much used, but the more recent im- 
provements have entirely superseded it on accoimt of their 
superiority. Price, $10,00. 




Hare's Beflagraior. — (Fig. 388, next paee.) — The arrange- 
ment shown in the figure, is that of Dr. Hare, of Philadel- 
phia. A galvanic series, a, a, fixed in a trough, is combined 
with another trough, b, b, destitute of plates, and of a 
capacity sufficient to hold all the acid necessary for an 
ample charge. The trough containing the series is jomed 
to the other lengthwise, edge to edge ; so that when the 
sides of the one are vertical, those of the other must be 
horizontal. The advantage of this is, that by a partial 
revolution of the l^i<ro troughs, thus united, upon pivots that 
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support 'them at the ends, any fluid which may he in one 
trough must flow into the other, and, reversing the move- 
ment, must flow hack again. The galvanic series heing 
plac^ in one of the troughs, and the acid in the other, hy a 
movement such as has heen described, the plates may all be 
instantaneously subjected to the acid or i-emoved from it ; 
tbB pivotB are made of iron, coated with brass or copper, as 
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less liable to oxydizement A metallic communicatioa is 
made between tne coating of the pivots and the galvanic 
series within. In order to produce a connexion between 
one recipient of this description, and another, it is only 
necessary to allow a pivot of eacb trough to revolve on one 
of the two ends of a strap of sheet copper. To connect 
with the termination of the series or poles, the conductors, 
one end of each is soldered to a piece of sheet copper, 
which are placed under the pivots, to be connected with the 
termination of the series ; to the conductors are usually at- 
tached small hand-vices for conveniently introducing wires, 
charcoal points, etc. ; the plates are usually about seven 
inches long, and four wide. A battery of 300 pairs may 
be contained in two troughs of six feet each in length, which 
is capable of producing brilliant experiments. The liquid 
employed in the cells is a mixture of sulphuric or muriatic 
acid, with water in the proportion of one part of the former 
to fifteen or twenty of the latter. 

In the figure two troughs are connected in one frame, and 
both moved by levers terminating in one handle at the end 
of the frame. This instrument is also superseded by the 
more modem instruments. Price, 100 pairs, $80.00. 



Dr. Harems Calorimotor — (Fig. 3 8 7, next page) — in which 
a great quantity of heat accompanied by little electrical 
tension is produced, consists of such an arrangement of the 
elements as to form in fact but one, or at most, two pairs of 
separate plates ; for all the zinc plates in one half of the 
apparatus being connected together, constitute but one plate, 
while all the copper ones being xmited afford another. The 
plates are, however, arranged in an alternating series, so 
as to present their surfaces to each other without occupying 
much space. 

The accompanying figures represent the arrangement of 
parts in the calorimotor. A and a are the cubical boxes 
containing the one acidulated and the other pure water; 
b b b b is the wooden frame containing the zinc ana copper 
plates alternating with each other, ana from | and ^ an mch 
apart ; T T / /, are masses of tin cast over the protruding 
edges of the sheets which are to communicate with each 
other. The smaller figure, representing a horizontal section 
through the plates, shows the manner m which the junction 
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between the several sheets and the tin masses is effected. 
Between the letters z z , the zinc only is in contact with the 
masses. ' Between c c the copper alone touches the tin. At 
the back of the frame, ten sheets of copper between c c, and 
ten sheets of zinc between z z, are made to communicate by 
a common mass of tin, extending the whole length of the 
frame between T T ; but in front, as shown in the larger 
figure, there is an interstice between the mass of tin connect- 
ing the ten copper sheets, and that connecting the ten zinc 
sheets. The screw forceps, //, may be sefen on each side 
of this interstice, holding the wire which is to undergo igni- 
tion. , A wooden partition, p p, separates the two sets of 
plates of which the apparatus is seen to be composed. The 
swivel at S permits the frame to be swung round after 
being taken out of the acid in A, and to be lowered into the 
pure water in a ; this is for the purpose of washing off, after 
an experiment, the acid which might otherwise too rapidly 
corrode the plates. 

Dr. Hare, the inventor, regards this as furnishing an ex- 
treme case of great heating power with low electric mtensity, 
and also as showing that the quantity of heat evolved in 
28* 
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single large pairs is firreater, but its intensity less than th' 
men oat by an equal quantity of metallic surface arran^. 
in several successive pairs. Price, $25 to $40 



Fig.88& 
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WoIUuUm'b Battery, 
—(Figs. 388 k 389.)— 
A ereat improvement^ 
in &e construction of 
galvanic batteries was 
made by Dr. Wollaston 
in 1815. This improve- 
ment consists in extend- 
ing the copperplate so 
as to oppose it to every 
surface of the zinc, as 
represented in the cuts. 
A is the rod of wood to 
which the plates are screwed in the usual manner ; > , 
the zinc plates connected as usual with the copper plau 
c, c, which are doubled over the zinc plates, and opp'>st. 
to them on both sides, any contact with the surfaces bein 
prevented by pieces of cork or wood placed between. 

Fig/389. 






^^^ 




This construction of the galvanic battery is no more us€ 
by reason of the superiority of the new instruments. 

Price, 50 pah^ (50.00. 
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Fig. 39a 
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Van MelserCs Battery, — (Fig. 390, as above.) — This cut 
represents a useful arrangement of copper and zinc plates 
for a galvanic battery ; the copper soldered to the zinc in 
each pair envelopes the zinc of the following pair, so as to be 
exposed to the two surfaces of this plate, but without being 
in contact with it. It Offers from WoUaston's battery in 
having the metallic plates much nearer to each other; they 
are only about one-twelfth of an inch apart, and are main- 
tained thus by small pieces of cork interposed between the 
plates of zinc and those of copper ; while the plates of cop- 
per of the consecutive elements are separated by squares of 
glass of the same size as the plates; all the squares are 
placed in a wooden frame (represented in the cut), which is 
well varnished, in which they are easily retained, without it 
being necessary to attach them by screws to a bar of wood» 
as in the case of WoUaston's. Price, 25 pairs, $20.00. 

The Cylindrical Pot Battery. — (Fig. 391, next page.) — 
The cylindrical pot battery consists of a double cylinder of 
copper, with a bottom of the same metal, and a movable 
cylinder of zinc, between the copper cylinders; the zinc 
cylinder is supported by three branches. The branches are 
covered with wood to insulate them from the copper, and 
aire fcmiied in the shape of rollers, with grooves entering 
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^**'^*- the edge of the outer cop* 

^^^ per cylinder ; there is it 

^^^^H^^^^^^ cap with a binding screw 
BB^^^HH^^^» on ibe copper^ aod also oa 
|^H|^'^*^- itiuJ^Bm^^^I poles* that at the zinc 
4Hlji 1 H^^^^^^l ^"^ negative, and the 

jm\ iRI^^^^^I '1^ the copper being 

■Dh H^^^^H ^^^^* The liquid employed 

k HK '^^^^^1 ^^ ^ sotiition uf blue vitriol, 

I III llJ^^^^H (sulphate of copper) in 

I ffl If' ^ 1:r^iir'''''^^l^^^^lM ^^^ft about two ounc^ 
I Hyp ^^^^H liquid requires to be re- 

I Ml I i^^^^H newcd when the acid i^ 

I ^l|! ; ^^^^^^ entirely taken up by the 

' 1^^^^^ 2111 c, which will he known 

by there being no depogit 
on the sine, after being imTnerscd for some time. The zinc 
cylinder should be left in the soluiaon only while in use, as 
it scK>n be*;ome^ coated with a deposit, which, after used ibr 
an hour or two, should be semped off with an old knife, as 
a cle.an surface of ^nc is requisite to tlie proper action of 
the battery, The solution may remain in the copper vessel 
any length of time, as it does not act on it. There is no 
unpleasiint smell from the use of this batte^, and the acid 

I will not injure if spilt on furniture or clothing, 
A battery five and a half inches high, and five inches 
diameter, is of sultieient power for most eirpcrimenta in 
electro-magnetiam, for which this battery is best adapted ; 
where more power is required two or more may be united 
and used together. Price, - - - - 12.50- 
'' smaller sizes, #1,75 and |L,50. m 
I f DanklVs SmgU Cell SusUdmn^ Baiiety. — 

f^™r (Fig. 320.) — This instrument consists of a cylinder 
iB^ ^ of copper, with a bottom of the same metal, con- 
Ci^^Ie^.J taining a cup formed of unglazed porcelain, which 
! r I has a solid rod or cylinder of well amalgamated 
zinc, supported in its centre. The cylinder b fur- 
nished with a perforated shelf, upon which s 
supply of crystals of sulphate of copper aie 
placed ; so that the batterj^ being onca chat^ed^ 
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win mahltam an equal action for many hours. To tbe 
rod, or cylinder of zinc, and also to the copper cylinder, 
are attached brass cups with binding screws, forming the 
poles of the battery. The zinc is negative, and the copper 
positive. The exterior copper vessel is usually about six 
mches high, and four wide ; the porous tubes are filled with 
dilute sulphuric acid (abbiit one part of acid to one of water) ; 
and the copper cylinders are filled with a strong solution of 
sulphate of copper, also acidulated by sulphuric acid ; so 
that the acid in the generating cell is separated from the 
solution of sulphate of copper, but the porosity of the tubes 
allows of their becoming so far imbued with the acid liquid 
as to admit of the passage of electricity. Price, $1.76. 

Porous Cells for Ghlvank Batteries. — ^The most important 
modification of the galvanic battery, is that of the introduc- 
tion of porous cells, forming what is termed a constant 
battery. In all the other arrangements the electrical power 
is liable to fluctuation, and for many investigations are incon- 
venient and even useless ; by the introduction of these cells 
those inconveniences are to a great extent obviated, and al- 
though it is more complicated, its con- FJgs. 393, 
stant and regular action, when it is pro- 1 
perly constructed, amply repays the 
additional trouble and expense. 

They consist of cells, or cups, of un- 
glazed porcelain (Figs. 393, 394, 395), 
of such sizes as may suit the battery for 




which they are intended; and though they separate the 
acid in the outer cell from the inner part, the porosity of 
the porcelain allows sufficient to penetrate through to pro- 
duce a considerable galvanic action. 

Pig 398^ Price, small size, lOcts. each. 

" large " I1^ct&. '* 
" for Danieirs battery, 

25 cts. each. 

DanieWs Six-cell Sustain- 
ing Battery. — (Fig 396.) — 
The annexed cut represents 
a set of six of the above 
batteries. The copper cy- 
linder is connected in this 
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arrangement by wires with the sdnc cylinder of the next 
aeries, and so in succession, through the arrangement, the 
unconnected zinc forming the negative pole, and the uncon- 
nected copper the positive pole. Price, $12.00. 

Fig. 397 




DanielVs Ten-celled Sustaining Battery. — (Fig. 397.) — 
Tlie above cut represents a set of ten large batteries united ; 
the construction the same as the preceding. The cells of 
this sustaining battery must be plentifully supplied with 
sulphuric acid, without which the power is but feeble. 
Mr. Daniell recommends a mixture of eight parts of water 
and one of sulphuric acid which has been saturated with 
sulphate of copper for the copper cell, the internal tube 
being filled with the same acid solution without the copper. 
The porous cells should be well soaked in dilute sulphuric 
ncid for an hour or two before being used ; and after being 
removed from the battery, they should be repeatedly rinsed, 
or allowed to soak for some time in warm water, to dissolve 
out all the metallic salt from their pores. If this be not at- 
tended to, they will be soon destroyed. Price, $25. 

Sustaining Battery for Plating j <C-c. — (Fig. 398, next 
page.) — This represents a convenient battery for sustaining 
magnetic instruments in action for a long time ; also for 
pJating with gold, silver, &c. Any number may be used 
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S£ may best answer the purpose ; three or four combined is 
the usual number- They consist of cups of copper, four 
inches wide and four and a hnlf inches deep, having a Up at 
the side connected with the inside of the cup by a number 
of holes. To the rim of each cup there is attached a brass 
cup with a binding screw- In the interior there is a zinc 
eyiinder, one in each set having a binding screw, and the 
others, stout copper wires for connecting with the copper 
cups of the next series ; between the zinc and copper cylin- 
ders there is a cup of porous earthenware, entirely separat- 
ing the two metals. To nse, fill to within half an inch of 
the top the outer space, with a saturated s^^lution of blue 
T?itrioI (which may be about one ounce to each cup), and put 
soTne pieces of blue vitriol in the lip to keep tlie solution 
saturated, and in the interior of the porous cup^ put a table 
spoon full of common salt, or Glauber's salt, and nearly fill 
Trith water ; connect the ^inc of the one with the copper of 
the next throughout the series, tlie disconnected copper and 
zinc being the poles of the batter3^ This battery will main- 
tain nearly a constant action for a week (if properly supplied 
with blue vitriol, and a little salt stirred in the interior once 
a day), without disconnecting the series ■ though when con- 
venient, it is preferable to clean the xinc cylinders oftener. 
In many cases a much weaker solution of blue vitriol may 
^ife.u&ed than that described- Price, of a set of 3, #5.25, 

Grovels batteries, of three different sixes of four cells 
eac h« are conveniently arranged for gilding. 

Pnce, small size, j|4.50. 
'* second ** 15.50* 
** large *' fG.SCh 
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Smee*8 battery, also used for platmg; parUonlarly for 
Daguerreotype plates. Price, $2.25. 



ELECTRO PLATING AND GILDING. 

Preparation of the Solution of Silver. — ^Take one prat of 
pure rain or distilled water ; add to it one and a half ouneet 
of the cyanuret of potassium ; shake them together occanoo- 
ally, until the latter is entirely dissolved ; and allow the liqnld 
to become clear. Then add a quarter of an ounce of oxide of 
silver, which will very speedily dissolve; the dissolotionf 
may be hastened by heat, and, after a short time, a dear 
transparent solution will be obtained. 

Preparation of the Gold Solution, — ^Warm a pint of purs 
rain or distilled water, and dissolve in it one and a half 
ounces of cyanuret of potassium as before; then add a 
Quarter of an ounce of oxide of gold. The solution will at 
first be yellowish, but will soon subside to colorless trans- 
parency. 

The solution is made in a glass or earthen vessel, the 
article to be plated attached to the wire connected with the 
zinc pole of the battery, immersing the other wire from the 
copper pole of the battery, which should be tipped with 
gold or platina, a little way in the solution. 

An improved way for plating, and preferable in use, is to 
prepare, as above, the solution, by dissohing one and a 
half ounces of cyanuret of potassium in a pint of rain water, 
and attach a thin plate of silver to a wire connected with 
the copper pole of the battery, and immerse it in the sola* 
tion ; now dip the wire from the zinc side of the battery in 
the solution, but not in contact with the silver plate, and a 
rapid decomposition of the metal will take place, and * 
saturated solution will be obtained, which may be known by 
the deposition of silver on the wire from the zinc side of the 
battery. Attach the articles to be plated, as before, to the 
wire from the zinc pole, allowing the silver plate to remain 
in the solution to supply the silver released from the solu- 
tion and deposited on the article plated. Articles not 
exposed to wear may be coated in a few minutes ; spoons, 
watch-cases, and articles exposed, will require from four to 
six hours, the thickness of the deposit depending on the 
length of time immersed. Should bubbles of gas appear 
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Ebout the nnc pole, or articles attached to it, less of the 
surface of the silver plate is to be immersed in the solulbn, 
or the article to be plated will be discolored. A solution 
of gold may be made in the same manner by usmg a plate 
CH gold, etc. 



Smee*8 Battery, — (Fig. 399.) — ^A piece 
! platinized silver has a bar of wood fixed 
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on the top to prevent contact with the 
one, and is furnished with a binding 
ecrew. A stout plate of well amalga- 
mated zinc, of the width of the silver, is 
placed on each side of the wood, and both 
are held in their place by a binding screw 
sufficiently wide to embrace the zincs and 
the wood. This arrangement is immersed 
in a jar or ^lass, contdning dilute sul- 
phuric acid, m the proportion of one of 
add to seven of water, and not the slight- 
est effect is produced till a communication 
18 made between the metals, when it in- 
stantly hisses and bubbles, and an active galvanic battery is 
obtained. This battery is simple in its construction, ma- 
nageable in its application, and neat in its appearance ; and 
although it has not the constancy of Daniell, or the wonder- 
ful activity of Grove, it may be kept in active operation for 
sereral days. Price, small size, $2.25. 

" krger " $5.00. 

Gr(we*$ Battery, as arranged by Benj, Pike, Jr, — ^The most 
powerful galvanic battery that has yet been brought before 
me public, is that of Professor Grove, who was led to the 
discovery of a gdvanic combination much more powerful 
than any previously known.* The elements used, are a 



* The manafactarer had occasion to ubo one of these batteries at a 
pablic lecture, by Dr. Lsrdner, at the Tabernacle in New York, 
before a large aadience, The battery consisted of eighteen series, 
contained in a small case that coald be conveniently lifted about by 
ime person. The effect of the battery when the charcoal points 
were osed was most brilliant, illuminating the whole building ; and 
when steel watch springs and iron turnings were burned, the most 
briUiaQt scintillations were produced. AImi exhibited one in Niblo*i 
Gafden, at the Fanr ef the American Instituta, in Oet, 1845, befisra 
a munber of distinguished scientifio gantleoMii; the batteiy pro* 
29 
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■trip of platinum immersed in strong nitric acid« and sepa* 
ratod by a porous cylinder, or cell, from well amalgamated 
zinc cylinders immersed in dilute sulphuric acid ; the zioo 
of the one cell being attached to the platina of the succeed- 
ing cell. 

Description of Grovels Galvanic Battery.-^Fig. 400, next 
page.) — ^This consists of slips of platina, placed in porous por- 
celain cups, the cups surrounded with thick zinc cylindeFi», 
placed in a glass, or glazed porcelain vessels. The platina in 
each cup is attached to the zinc cylinder in the next, except 
at the extremities or poles, the platma being the one pole, 
and the zinc the other ; to each of which, supports are at- 
tached with brass cups, having binding screws, to receive 
conducting wires for experimenting with. 

The power of this instrument is about twenty times as 
great as the common zinc and copper arrangement ; its price 
not one quarter in proportion to its effect ; and a powerful in- 
ducing the most brilliant lij^bt with the charcoal point«, inAupparti- 
ble to the naked eye, barnmg the metals and decompoffing water 
with rapidity. A silver medal wa§ award«i for ike battery* Aln 
couitructed one of about one hundred leriei vxt Prof. Ellet, of the 
Univenity of S. C, who sent the following letter:— 

South Carolina CoLLBas, Jane 10th, 1845. 

Deak Sir, — In reply to your requeit for information at to tfaa 
working of the *' Grove'i Galvanic Battery " you constructed for me 
last summer, it nves me great pleasure to assure you, that it hi> 
more than equalled the hign expectations I entertained. 

With the whole arrangement connected in series, the effect in the 
deflagration of metals, charcoal, Sui., was surprisingly brilliant, sf 
you may judge from the fiust, that the li^ht was so intense as to pro> 
duce an inflammation of the eyes, which confined me to my room 
for several days, and required active medical treatment 

I would suggest to you as the result of much experience with the 
instrument, that so extended an arrangement as mine is neither 
necessary nor desirable for the greater number of purposes for which 
a galvanic battery is required. A series of from fifteen to twenty 

Sairs of plates is as mucn as can be used to advantage for chemicu 
ecompositiou, which it effects far more vigorously than any of the 
old arrangements of much greater extent : while it is at the same 
time quite sufficient for producing brilliant deflagrations. One or 
two pairs are enough for nearly all the experiments in Electro-Msg- 
netism, including that of working Prof. Morse's telegraph. 

Apart from the neatness and compactness which form so importsot 
a feature in Grove's instrument, I have no hesitation in saying, that 
I believe the experimenter will find it the most economical form of 
the galvanic battery he can employ. 

I am, dear Sir, very respectfully yours. 
To Bsvj. PiKR. Ju. WILLIAM H. ELLBT. 
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^tmment k contained in a ease 
two feet longj one foot wide, 
uid SIX inches ia depth, 

ModtofuMitiff, — ^The plates 
"being properly arranged in 
tlie cells, the external glass 
Tessek are to be nearly filled 
with eulphnric acid, previ- 
ously diluted with from 12 
^ 15 times its bulk of wa* 
^tefp and the interior porcelain 
cup a with strong and pure 
nitric acid. The wires are 
to be secured in tlie brass 
cups with screws at the poles 
qf the battery, and when 
tteel shavings^ fine wires, 
watch springs, etc., attached 
to one of them, are brought 
in contact with the other, 
eombustion, with brilliant 
Bcmtillations, will be exhibit- 
ed. Gold, silver, or copper 
Reaves, interposed between 
;heir extremities, will bum 
with bright and varied colors, 
[Water, with a little sulphuric 
sold or common salt added 
to it, may be rapidly decora- 
posod by employing the 
jwires tipped with platina, 
luid the gases coOected in 
Ibe glass globe furnished 
Irith the instrument. 

Charcoal points at- 
|taohed to the wires can 
}ie bttmed with a bril- 
fiant light. The coal 
thould be of hard 
wood, and recently 
fcumed. After using, 
Uie whole should be 
out of the case. 
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thp different parts well 'ff^hed in water, and replaced, €m 
ibould bw takeo to keep the pktina slips from injaiy, thej 
beln^ thin, and tbt? njetal valuable. They ar^ pac^ked in 
Miick wnlnut boxes wit!i c-over, and handli^s at the enda 
Price, of a series of 4, small Biie, $4.50 ; large ^m, $6,5©. 

' 12, " ilO-00 and i 12,00. 

" " ** 12, large size» $16,00 and $18,00. 
" " " 18* " $24.00 and $27.00. 
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Apparaltu fir the Decompomticn 0/ Water, — (Fig. 402, 
at above,) — This consists of a globe of glass with a neck, to 
which is fitted a cork having a small aperture at the sidi 
for tlie escape of water ; through the cork is passed two 
long wires, to the ends of which are soldered pktina wires, 
or a strip of platina plate projecting within the globe for an 
bch or two, and separated a short distance from each 
other. If the globe be filled with water, and the wires 
connected with a powerful galvanic battery, the water will 
be decomposed, and resolved into its elements, hvdrogea 
and oxygen gases. Pure water has but little conducting 
power; the addition of a little sulphuric acid^ or comiuofi 
salt, will greatly increase the evolution of the gas. 

Price, $0.7», 

Apparatus for mUecting the Gase» Separately. — (Figs. 403 
and 404.) — This consists of a glass vessel having a foot ia 
th^ form of a bowl, oi \2x^^ ^ohktf holding about a quart, 
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-faarmg two holes in the bottom, throngfa which are in 
'two screw cups for receiving wires from the galvanic bat- 
tery, and which terminate on the inside of the glass vetMl 
in platina wires, or strips of platina plate ; over these are 
suspended by a frame resting on the rim of the glass vessel, 
two small receivers, for collecting the separate gases. The 
tube collecting the hydrogen will be found to contain double 
the volume of that collecting the oxygen; the hydrogen 
and oxygen gases being in water exactly as two tp one in 
their proportions. Price, $4.00 ; larger sixe» $5.00. 

Tubes for the DecomposiUon of 
Water by the Galvanic Battery.--^ 
(Fig. 405.) — ^This apparatus consists 
.of a^lass tube, c, bent in the form 
^of a y , to each end of which a cork, 
D D, is fitted, ^r tight, through 
which cups with bmdmg screws are 
fixed, and on the interior are solder- 
ed slips of platina ; in the bend of 
the tube is a small hole for the es- ^ 
cape of water. To use, the instru- 
ment is filled with water — ^usually containing a little salt — 
and the poles of a powerful galvanic battery applied to the 
cups. The decomposition of the water will rapidly take 
place ; the hydrogen occupying the one tube, and the oxygen 
the other. 

The instrument is represented in the cut on a mahogany 
base, having a wire support. 

Price, with stand, $2.00 ; without stand, tl.50. 

Decomposition Tubes. — (Fig. 406.)— This «*•«»• 
apparatus, used to show the decomposition of 
a neutral salt by galvanism, consists of a glass 
tube in the form of a letter Y, having corks 
fitted to each end, with small binding screws to 
receive wires from the battery, and wires or 
slips of platina descending into the tubes ; the ^= 
whole is mounted on a stand. The solution of 
a neutral salt, colored by litmus, is poured into the tube ; a 
galvanic current being made to pass from wire to wire 
through the liquid, decomposes it, drawing the alkali to one 
pole, and the add to the other, as is made visible by th* 
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ehangesof color 
tioii; it being 
tlieotlier. 
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in the different ends €i the 8oLii« 
on one side, and rendered ffreen at 
Price, with binding screws, il.75. 
'' without *' 11.25. 




The Powder Cup,— (Fig. 407, as abore.)— This conaato 
of a glass having a neck through which the ends <^ two 
wires, insulated from each other, are passed, and are con- 
nected together within the cup by a fine nlatina wire. On 
connecting the long ends of the wires witn the poles of a 
galvanic battery, the passage of the current heats the fine 
platina wire to redness, and explodes any powder placed in 
the cup. A piece of sulphur or phosphorus may also be 
easily burned therein. Price, |0.50. 

rif.408. j%g Galvanic Gas FisUd,-^ 

I (Fig. 408.)— This instrument 
la constructed on the same 
principle as the last described, 
but arranged in the form of a 
pistol, the wires being fastened through a brass plug which 
screws into the barrel. To use, the pistol is filled with 
from one third to one half of hydrogen gas, the other part 
being atmospheric air, and corked ; connect one of the wires 
with one of the poles of a ^Ivanic battery, and on bringing 
the other wire in contact with the other pole of the battery 
the wire will be heated to redness, and the gas exploded. 

Price, 18.00. 
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Electricml battery, 269 
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Egg stand, 293 
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Electrical wheel, 207 
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Gunpowder fired in rmma, 29 
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Hand glass, 201 
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Hour glass, 140 

Hydraulic instraments, 224-4!35 
Hydro-electrical machine, 321 
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Hydrostetic equilibrium, 236 
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Hydrostatic instrom's, 224—235 
Hydrostatic paradox, 237 
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Hydrostatic presa, 242 
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Impenetrability, 142 
Improved lever air-pamp, 188 
Inclined plane, 148^156 
Inertia apparatus, 141 
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Insulating stool, 260-^17 

Jar, with discharging electrome* 
ter, 308 

Land Chain, 49 
Level and Plumb, 89 
Level for slopes, 96 
Levelling Steves, 95 
Levelling Steves, pottsble, 96 
Lever condenser, 200 
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en jar, 260 

g pump, 233 

uin^ cunductors, 308-^10 
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aous discharger, 291 
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^matical instruments, 11 
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:al electricity, 315 

;al electrical machine, 312 
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graph, 46 
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borus cup, 286 
compasses, 27 
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electrical machines, 246 
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Pressure glass, 203 
Prismatic compass, 56 
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Protractor, 28 
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Radiating feathers, 278 
Rain electroscope, 305 
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Rolling glass balls, 285 
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Screw, 150—157 

Screw press, 159 

Sector, 32 
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Smee's battery, 337 
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Spirit level, 88 
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Surveyors' cross, 60 

Surveyors' instruments, 49 
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